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MAGNETO-RESISTANCE EFFECT
ELEMENT, AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2007-
094474, filed on Mar. 30, 2007, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a magneto-resistance
effect element which is configured such that a current is
flowed in the direction perpendicular to the film surface
thereof to detect the magnetization of the element and the
magneto-resistance effect element and to a method for manu-
facturing the same.

2. Description of the Related Art

Recently, the miniaturization and the high density record-
ing of a hard disk drive (HDD) is remarkably required and
being progressed. In the future, it is promised to much
develop the high density recording of the HDD. The HDD of
high density recording can be realized by narrowing the
recording track width. However, the amplitude of the magne-
tization relating to the recording, that is, the recording signal
may be lowered as the track width is narrowed, so that it is
required that the reproducing sensitivity of the MR head for
reproducing the medium signal is enhanced.

Recently, a GMR (Giant Magneto-Resistance effect) head
with a high sensitive spin valve film using the GMR film is
employed. The “spin valve” film has such a structure as sand-
wiching a non-magnetic metal spacer layer between two fer-
romagnetic layers. The stacking layer component structure
exhibiting the change in resistance may be called as a “spin
dependent scattering unit”. The magnetization of one ferro-
magnetic layer (often called as a “pinning layer” or “fixed
magnetization layer) is fixed by the magnetization of an anti-
ferromagnetic layer and the magnetization of the other ferro-
magnetic layer (often called as a “free layer” or “free mag-
netization layer”) is rotated in accordance with an external
magnetic field. With the spin valve film, the intended large
magneto-resistance effect can be obtained when the relative
angle between the pinning layer and the free layer is changed.

A conventional spin valve film is formed as a CIP (Current
In Plane)-GMR element, a CPP (Current Perpendicular to
Plane)-GMR element and a TMR (Tunneling Magneto-Re-
sistance) element. With the CIP-GMR element, a sense cur-
rent is flowed along the film surface of the spin valve film.
With the CPP-GMR element or the TMR element, a sense
current is flowed in the direction perpendicular to the film
surface thereof.

With the element which is utilized by flowing the sense
current in the direction perpendicular to the film surface, the
spacer layer is made of an insulating layer in the TMR ele-
ment and of a metallic layer in the CPP-GMR element.

Herein, a metal CPP-GMR element of which the spin valve
film is made of a metallic layer has a smaller change in
resistance to render the detection of small magnetic field
difficult. In this point of view, in References 1 and 2, such an
attempt is made as inserting a layer made of at least one
selected from the group consisting of Cr, V, Ta, Nb, Sc, Ti,
Mn, Cu, Zn, Ga, Ge, Zr, Hf, Y, Tc, Re, Ru, Rh, Ir, Pd, Pt, Ag,
Au, B, Al, In, C, Si, Sn, Ca, Sr, Ba, O, N and F in the fixed
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magnetization layer of the free magnetization layer compos-
ing the spin dependent scattering unit, thereby enhancing the
variation ratio in resistance of the CPP-GMR element and
thus, thereby enhancing the magneto-resistance effect of the
CPP-GMR element.

On the other hand, a CPP element with an oxide layer
containing current confining paths in the thickness direction
thereof, which is called as an “NOL (nano-oxide layer)”, is
proposed (refer to Reference 3). With the CPP element, both
of the element resistance and the MR ratio can be increased
due to the current confined path (CCP) effect. Hereinafter, the
element is called as a “CCP-CPP element”.

[Reference No. 1] JP-A 2003-133614 (KOKAI)

[Reference No. 2] JP-A 2003-60263A (KOKAI)

[Reference No. 3] JP-A 2002-208744 (KOKAI)

In the CCP-CPP element, it is required to much enhance
the sensitivity of the CCP-CPP element. The sensitivity can
be defined as the MR ratio.

BRIEF SUMMARY OF THE INVENTION

An aspect of the present invention relates to a magneto-
resistance effect element, comprising: a fixed magnetization
layer of which a magnetization is substantially fixed in one
direction; a free magnetization layer of which a magnetiza-
tion is rotated in accordance with an external magnetic field
and which is formed opposite to the fixed magnetization
layer; a spacer layer including a current confining layer with
an insulating layer and a conductor to pass a current through
the insulating layer in a thickness direction thereof and which
is located between the fixed magnetization layer and the free
magnetization layer; a thin film layer which is located in a
side opposite to the spacer layer relative to the free magneti-
zation layer; and a functional layer containing at least one
element selected from the group consisting of Si, Mg, B, Al
which is formed in or on at least one of the fixed magnetiza-
tion layer, the free magnetization layer and the thin film layer.

In the aspect, with a bottom type spin valve film, the func-
tional layer containing at least one element selected from the
group consisting of Si, Mg, B, Al is formed at at least one of
the fixed magnetization layer, the free magnetization layer
and the cap layer, and with a top type spin valve film, the
functional layer is formed at at least one of the fixed magne-
tization layer, the free magnetization layer and the underlayer.
The functional layer, as described later, may capture the
excess oxygen remaining in spin dependent scattering unit
and prevent the diffusion of the excess oxygen so as to prevent
the deterioration of the spin dependent scattering due to the
interface and inside of the free magnetization layer. Then,
since the functional layer contains an element with smaller
atomic number such as Si, Mg, B, Al, the spin polarization of
each conduction electron is not diminished in the functional
layer.

Also, the functional layer may prevent the diffusion of Mn
and the like contained in the fixed magnetization layer and the
diffusion of Ni and the like contained in the free magnetiza-
tion layer, leading to the prevention of the deterioration of the
spin dependent interface scattering due to the Ni and the like.
Particularly, if the free magnetization layer exhibits bce-
structure, the structure of the free magnetization layer can be
stable due to the functional layer. Accordingly, the MR ratio
of the magneto-resistance effect element, that is, the CCP-
CPP element can be enhanced by the synergy effect of three
functions as described above.

The three functions are originated purely from the consid-
eration of the inventors so as not to affect the present inven-
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tion. The present invention is characterized in that the MR is
enhanced by the functional layer satisfying the above-de-
scribed requirements.

In an embodiment of the present invention, the spacer layer
includes a metallic layer, e.g., containing at least one element
selected from the group consisting of Cu, Ag, Au, formed so
as to be adjacent to the current confining layer and at least one
of the fixed magnetization layer and the free magnetization
layer. If the metallic layer is formed between the current
confining layer and the fixed magnetization layer, the metallic
layer functions as a supplier for the current confining path of
the current confining layer and a protective layer for an oxide,
a nitride and an oxynitride contained in the current confining
layer against the fixed magnetization layer. If the metallic
layer is formed between the current confining layer and the
free magnetization layer, the metallic layer functions as a
protective layer for an oxide, a nitride and an oxynitride
contained in the current confining layer against the fixed
magnetization layer.

According to the aspects of the present invention can be
provided a magneto-resistance effect element, that is, a CCP-
CPP element which can enhance the MR ratio. Then, accord-
ing to the aspects of the present invention can be provided a
magnetic head with good reproducing characteristics, a mag-
netic disk device and a magnetic memory which utilize the
CCP-CPP element.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a perspective view illustrating an embodiment of
the magneto-resistance effect element according to the
present invention.

FIG. 2A relates to an explanatory view for the enhance-
ment of the MR effect by the insertion of a functional layer in
the magneto-resistance effect element in FIG. 1.

FIG. 2B also relates to an explanatory view for the
enhancement of the MR effect by the insertion of a functional
layer in the magneto-resistance effect element in FIG. 1.

FIG. 3 is a cross sectional view relating to an modified
embodiment from the magneto-resistance effect element in
FIG. 1.

FIG. 4 is a schematic view illustrating a film forming
apparatus for manufacturing the magneto-resistance effect
element in FIG. 1.

FIG. 5 is a flow chart in a method for manufacturing the
magneto-resistance effect element in FIG. 1.

FIG. 6 is a cross sectional view showing the state where the
magneto-resistance effect element in FIG. 1 is incorporated in
a magnetic head.

FIG. 7 is another cross sectional view showing the state
where the magneto-resistance effect element in FIG. 1 is
incorporated in a magnetic head.

FIG. 8 is a perspective view illustrating an essential part of
a magnetic recording/reproducing device according to the
present invention.

FIG. 9 is an enlarged perspective view illustrating the mag-
netic head assembly of the magnetic recording/reproducing
device.

FIG. 10 is a view illustrating a magnetic memory matrix
according to the present invention.

FIG. 11 is a view illustrating another magnetic memory
matrix according to the present invention.

FIG. 12 is a cross sectional view illustrating an essential
part of the magnetic memory.
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FIG. 13 is a cross sectional view of the magnetic memory
illustrated in FIG. 12, taken on line “A-A"".

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described (Mag-
neto-resistance effect element)

FIG. 1 is a perspective view illustrating a magneto-resis-
tance effect element (CCP-CPP type element) according to an
embodiment of the present invention. Some or all compo-
nents throughout the drawings in the present application are
schematically illustrated so that the illustrated thickness ratio
for the components is different from the real thickness ratio
for the components.

The magneto-resistance effect element illustrated in FIG. 1
includes a magneto-resistance effect element 10, a top elec-
trode 11 and a bottom electrode 20 which are disposed so as
to sandwich the magneto-resistance effect element 10.
Herein, the illustrated stacking structure is formed on a base
(not shown).

The magneto-resistance effect element 10 includes an
underlayer 12, a pinning layer 13, a pinned layer 14, a bottom
metallic layer 15, a current confining layer 16 (an insulating
layer 161 and a current confining path 162), a top metallic
layer 17, a free layer 18 and a cap layer 19 which are subse-
quently stacked and formed. Among them, the top metallic
layer 15, the current confining layer 16 and the top metallic
layer 17 constitute the spacer layer. Then, the pinned layer 14,
the bottom metallic layer 15, the current confining layer 16,
the top metallic layer 17 and the free layer 18 constitute a spin
dependent scattering unit (spin valve film) which is config-
ured such that the non-magnetic spacer layer is sandwiched
between the two ferromagnetic layers. For clarifying the
structural feature of the magneto-resistance effect element,
the current confining layer 16 is represented under the con-
dition that the current confining layer 16 is separated from the
upper and lower layers (the bottom metallic layer 15 and the
top metallic layer 17). Then, the components of the magneto-
resistance effect element will be described.
<Electrode>

The bottom electrode 11 functions as an electrode for flow-
ing a current in the direction perpendicular to the spin valve
film. In real, the current can be flowed through the spin valve
film in the direction perpendicular to the film surface thereof
by applying a voltage between the bottom electrode 11 and
the top electrode 20. The change in resistance of the spin valve
film originated from the magneto-resistance effect can be
detected by utilizing the current. In other words, the magne-
tization detection can be realized by the current flow. The
bottom electrode 11 is made of a metallic layer with a rela-
tively small electric resistance for flowing the current to the
magneto-resistance effect element sufficiently.

The top electrode 20 also functions as an electrode for
flowing a current in the direction perpendicular to the spin
valve film in the same manner as the bottom electrode 11. In
real, the current can be flowed through the spin valve film in
the direction perpendicular to the film surface thereof by
applying a voltage between the bottom electrode 11 and the
top electrode 20. The top electrode can be made of a material
with low resistance such as Cu, Au.
<Underlayer>

The underlayer 12 may be composed of a buffer layer 12a
and a seed layer 125. The buffer layer 12a can be employed
for the compensation of the surface roughness of the bottom
electrode 11. The seed layer 125 can be employed for con-
trolling the crystalline orientation and the crystal grain size of
the spin valve film to be formed on the underlayer 12.
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The buffer layer 12a may be made of Ta, Ti, W, Zr, Hf, Cr
or an alloy thereof. The thickness of the buffer layer 12a is
preferably set within 1 to 10 nm, more preferably set within 2
to 5 nm. If the buffer layer 124 is formed too thin, the buffer
layer 12a can exhibit the inherent buffering effect. If the
buffer layer 12a is formed too thick, the Series resistance not
contributing to the MR is increased. If the seed layer 1256 can
exhibit the buffering effect, the buffer layer 124 may be
omitted. In a preferable example, the bufter layer 124 is made
of'a Ta layer with a thickness of 3 nm.

The seed layer 126 may be made of any material control-
lable for the crystalline orientation of (a) layer(s) to be formed
thereon. For example, the seed layer 125 may be made pref-
erably of a metallic layer with a fce-structure (face-centered
cubic structure), a hep-structure (hexagonal close-packed
structure) or a bee-structure (body-centered cubic structure).

Concretely, the seed layer 126 may be made of Ru with
hep-structure or NiFe with fee-structure so that the crystalline
orientation of the spin valve film to be formed thereon can be
rendered an fcc (111) faced orientation. The crystalline ori-
entation of the pinning layer 13 (e.g., made of PtMn) can be
rendered an fct (111)-structure (face-centered tetragonal
structure)-regulated orientation. If the magnetic layer is made
of'a fce-structured metal, the orientation of the magnetic layer
can be rendered fcc (111) orientation under good condition. If
the magnetic layer is made of a bee-structured metal, the
orientation of the magnetic layer can be rendered bee (110)
orientation.

In order to exhibit the inherent seeding function of the seed
layer 125 of enhancing the crystalline orientation sufficiently,
the thickness of the seed layer 125 is set preferably within 1 to
5 nm, more preferably within 1.5 to 3 nm. In a preferable
example, the seed layer 125 maybe made of a Ru layer with a
thickness of 2 nm.

The crystalline orientation for the spin valve film and the
pinning layer 13 can be measured by means of X-ray diffrac-
tion. For example, the FWHMSs (full width at half maximum)
in X-ray rocking curve of the fcc (111) peak of the spin valve
film, the fct (111) peak or the bee (110) peak of the pinning
layer 13 (PtMn) can be set within a range of 3.5 to 6 degrees,
respectively under good crystallinity. The dispersion of the
orientation relating to the spin valve film and the pinning
layer can be recognized by means of diffraction spot using
cross section TEM.

The seed layer 1256 may be made of a NiFe-based alloy
(e.g., NiyFe, o0y X=90 to 50%, preferably 75 to 85%) layer
of a NiFe-based non-magnetic (NiyFe, 0 1) ;00.3X 3 X—Cr,
V, Nb, Hf, Zr, Mo) )layer. In the latter case, the addition of the
third element “X” renders the seed layer 1256 non-magnetic.
The crystalline orientation of the seed layer 126 of the NiFe-
based alloy can be enhanced easily so that the FWHM in
X-ray rocking curve can be rendered within a range of 3 to 5
degrees.

The seed layer 125 functions not only as the enhancement
of the crystalline orientation, but also as the control of the
crystal grain size of the spin valve film. Concretely, the crystal
grain size of the spin valve film can be controlled within a
range of 5 to 20 nm so that the fluctuation in performance of
the magneto-resistance effect element can be prevented, and
thus, the higher MR ratio can be realized even though the
magneto-resistance effect element is down sized.

The crystal grain size of the spin valve film can be deter-
mined on the crystal grain size of the layer formed between
the seed layer 1256 and the spacer layer 16 by means of cross
section TEM. In the case of a bottom type spin valve film
where the pinning layer 14 is located below the spacer layer
16, the crystal grain size of the spin valve film can be deter-
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6

mined on the crystal grain size of the pinning layer 13 (anti
ferromagnetic layer) or the pinned layer 14(fixed magnetiza-
tion layer) to be formed on the seed layer 124.

With a reproducing head in view of high recording density,
the element size is set to 100 nm or below, for example.
Therefore, if the crystal grain size is set larger for the element
size, the element characteristics may be fluctuated. In this
point of view, it is not desired that the crystal grain size of the
spin valve film is set larger than 20 nm.

Too large crystal grain size may cause the decrease of the
number of crystal grain per element surface so as to cause
fluctuation in characteristics of the reproducing head. With
the CCP-CPP element forming a current confining path, it is
not desired to increase the crystal grain size than a prescribed
grain size.

In contrast, large crystal grain size may decrease electron
irregular reflection at grain boundary or inelastic scattering
site. In this point of view, in order to realize the large MR
ratio, it is desired to increase the crystal grain size at least up
to 5 nm or over. The requirement to realize the large MR ratio
is inconsistent with the requirement to realize the prevention
of the fluctuation in element characteristics so that the
requirement of the large MR ratio satisfies the trade-off rela-
tion with the requirement of the prevention of the fluctuation
in element characteristics. Therefore, in view of the trade-off
relation, the crystal grain size is set preferably within 5 to 20
nm.
In order to set the crystal grain size within 5 to 20 nm, the
seed layer 125 may be made of a Ru layer with a thickness of
2 nm or a NiFe-based non-magnetic (NiyFe; o0 1)00.5X 5
X—Cr, V, Nb, Hf, Zr, Mo, preferably y=0 to 30%) )layer. Too
thick seed layer 126 may cause the increase of the Series
resistance and rough the interface of the spin valve film. Only
if the seed layer 1256 can exhibit the inherent performance
under the condition that the crystal grain size of the CCP-CPP
element can be miniaturized, the seed layer 126 may be made
of another material.
<Pinning Layer>

The pinning layer 13 functions as applying the unidirec-
tional anisotropy to the ferromagnetic layer to be the pinned
layer 14 on the pinning layer 13 and fixing the magnetization
of'the pinned layer 14. The pinning layer 13 may be made of
an anti ferromagnetic material such as PtMn, PdPtMn, IrMn,
RuRhMn, FeMn, NiMn. In view of the use of the element as
a high density recording head, the pinning layer 13 is prefer-
ably made of IrMn because the IrMn layer can apply the
unidirectional anisotropy to the pinned layer 14 in compari-
son with the PtMn layer even though the thickness of the [rMn
layer is smaller than the thickness of the PtMn layer. In this
point of view, the use of the IrMn layer can reduce the gap
width of the intended element for high density recording.

In order to apply the unidirectional anisotropy with suffi-
cient intensity, the thickness of the pining layer 13 is appro-
priately controlled. In the case that the pinning layer 13 is
made of PtMn or PdPtMn, the thickness of the pinning layer
13 is set preferably within 8 to 20 nm, more preferably within
10 to 15 nm. In the case that the pinning layer 13 is made of
IrMn, the unidirectional anisotropy can be applied even
though the thickness of the pinning layer 13 of IrMn is set
smaller than the thickness of the pinning layer 13 of PtMn. In
this point of view, the thickness of the pinning layer 13 of
IrMn is set preferably within 4 to 18 nm, more preferably
within 5 to 15 nm. In a preferred embodiment, the thickness of
the IrMn pinning layer 13 is set to 7 nm.

The pinning layer 13 may be made of a hard magnetic layer
instead of the anti ferromagnetic layer. For example, the
pinning layer 13 may be made of CoPt (Co=50 to 85%),
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(CoPt, go-x)100.7Cry: X=50 to 85%, Y=0 to 40%) or FePt
(Pt=40 to 60%). Since the hard magnetic layer has a smaller
specific resistance, the Series resistance and the area resis-
tance RA of the element can be reduced.
<Pinned Layer: Fixed Magnetization Layer>

The pinned layer (fixed magnetization layer) 14 is formed
as a synthetic pinned layer composed of the bottom pinned
layer 141 (e.g., CogoFe;o 3.5 nm), the magnetic coupling
layer 142(e.g., Ru) and the top pinned layer 143 (e.g.,
Fes,Coso 1 nm/Cu 0.25 nmx2/Fe;,Cosy 1 nm). The pinning
layer 13 (e.g., IrMn layer) is coupled via magnetic exchange
with the bottom pinned layer 141 formed on the pinning layer
13 so as to apply the unidirectional anisotropy to the bottom
pinned layer 141. The bottom pinned layer 141 and the top
pinned layer 143 which are located under and above the
magnetic coupling layer 142, respectively, are strongly mag-
netically coupled with one another so that the direction of
magnetization in the bottom pinned layer 141 becomes anti-
paralleled to the direction of magnetization in the top pinned
layer 143.

The bottom pinned layer 141 may be made of CoFe, o+
alloy (X=0 to 100), Ni,Fe o, » (X=0 to 100) or an alloy
thereof containing a non magnetic element. The bottom
pinned layer 141 may be also made of a single element such
as Co, Fe, Ni or an alloy thereof.

It is desired that the magnetic thickness (saturated magne-
tization Bsxthickness t (Bs-t)) of the bottom pinned layer 141
is set almost equal to the one of the top pinned layer 143.
Namely, it is desired that the magnetic thickness of the top
pinned layer 143 corresponds to the magnetic thickness of the
bottom pinned layer 141. For example, when the top pinned
layer 143 of Fe;,Cos, 1 nm/Cu 0.25 nmx2/Fe;,Cos, 1 nm is
employed, the magnetic thickness of the top pinned layer 143
is set to 2.2 Tx3 nm=6.6 Tnm because the saturated magne-
tization of the top pinned layer 143 is about 2.2 T. When the
bottom pinned layer 141 of CogFe,, is employed, the thick-
ness of the bottom pinned layer 141 is set to 6.6 Tnm/1.8
T=3.66 nm for the magnetic thickness of 6.6 Tnm because the
saturated magnetization of CogoFe,,, is about 1.8 T. In this
point of view, it is desired that the thickness of the bottom
pinned layer 141 made of CogiFe , is set to about 3.6 nm.
When the bottom pinned layer 141 of Co,Fe, is employed,
it is desired that the thickness of the bottom pinned layer 141
is set to about 3.3 nm on the same calculation.

The thickness of the bottom pinned layer 141 is preferably
set within 2 to 5 nm in view of the magnetic strength of the
unidirectional anisotropy relating to the pinning layer 13
(e.g., IrMn layer) and the magnetic strength of the anti ferro-
magnetic coupling between the bottom pinned layer 141 and
the top pinned layer 143 via the magnetic coupling layer 142
(e.g., Ru layer). Too thin bottom pinned layer 141 causes the
decrease of the MR ratio because the thickness of the top
pinned layer 143 is also decreased. In contrast, too thick
bottom pinned layer 141 causes the difficulty of obtaining the
unidirectional anisotropy magnetic field requiring for the
operation of the element. In a preferred embodiment, the
bottom pinned layer 141 may be made of a Co,sFe,s layer
with a thickness of 3.3 nm.

The magnetic coupling layer 142 (e.g., Ru layer) causes the
antiferromatic coupling between the bottom pinned layer 141
and the top pinned layer 143 which are located under and
above the magnetic coupling layer 142, thereby constituting
the synthetic pinned structure. In the case that the magnetic
coupling layer 142 is made of the Ru layer, the thickness of
the Ru layer is preferably set within 0.8 to 1 nm. Only if the
anti ferromagnetic coupling between the pinned layers
located under and above the magnetic coupling layer 142 can
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be generated, the magnetic coupling layer 142 may be made
of'another material except Ru or the thickness of the magnetic
coupling layer 142 may be varied within 0.3 to 0.6 nm instead
of the thickness range of 0.8 to 1 nm. The former thickness
range of 0.3 to 0.6 nm corresponds to the first peak of RKKY
(Runderman-Kittel-Kasuya-Yoshida), and the latter thick-
ness range of 0.8 to 1 nm corresponds to the second peak of
RKKY. With the thickness range of the first peak of RKKY,
the magnetic coupling layer 142 can exhibit an extremely
large anti ferromagnetic fixing strength, but the allowable
thickness range of the magnetic coupling layer 142 is
reduced. In a preferred embodiment, the magnetic coupling
layer 142 may be made of the Ru layer with a thickness 0f 0.9
nm so as to realize the anti ferromagnetic coupling for the
pinned layers stably.

The top pinned layer 143 may be made of Fe;,Cos, 1
nm/Cu 0.25 nmx2/Fe;Cos, 1 nm. The top pinned layer 143
composes the spin dependent scattering unit. The top pinned
layer 143 can contribute directly to the MR effect, and thus,
the material and thickness of the top pinned layer 143 are
important so as to realize a large MR ratio. The magnetic
material of the top pinned layer 143 to be positioned at the
interface for the current confining layer 16 is important in
view of the contribution of the spin dependent interface scat-
tering.

Then, in the case of the top pinned layer 143 of the
Fe;,Cos, layer with bee-structure, since the spin dependent
interface scattering is enhanced, the MR ratio can be
enhanced. As the FeCo-based alloy with bece-structure, a
Co,Fe, o yalloy (X=30to 100) or a similar CoFe-based alloy
containing an additive element can be exemplified. Among
them, a Fe,,Cog, alloy through a Fey,Co,, alloy may be
employed in view of the above-described requirements.

In the case that the top pinned layer 143 is made of the
magnetic layer with bee-structure easily exhibiting the large
MR ratio, the thickness of the top pinned layer 143 is prefer-
ably set to 1.5 nm or over so as to maintain the bee-structure
thereof stably. Since the spin valve film is made mainly of a
metallic material with fcc-structure or fet-structure, only the
top pinned layer 143 may have the bee-structure. In this point
of view, too thin top pinned layer 143 can not maintain the
bee-structure thereof stably so as not to obtain the large MR
ratio.

Herein, the top pinned layer 143 is made of the Fe;,Cos,
layers and the extremely thin Cu layers. The total thickness of
the Fe;,Cos, layers is 3 nm and each Cu layer is formed on the
corresponding Fe;,Cos, layer with a thickness of 1 nm. The
thickness of the Cu layer is 0.25 nm and the total thickness of
the top pinned layer 143 is 3.5 nm.

The MR ratio becomes large as the thickness of the top
pinned layer 143 is increased. In contrast, the pinning mag-
netic field becomes large as the thickness of the top pinned
layer 143 is increased. Therefore, the MR ratio and the pin-
ning magnetic field satisfies the trade-off relation one another.
For example, if the top pinned layer is made of an FeCo alloy
layer with bee-structure is employed, the thickness of the top
pinned layer is set preferably to 1.5 nm or over so as to realize
the large MR ratio. In contrast, the thickness of the top pined
layer is set to preferably to 5 nm or below, more preferably to
4 nm or below. As a result, the preferable thickness range of
the top pinned layer 143 is set preferably within 1.5 to 5 nm,
more preferably within 2 to 4 nm.

The top pinned layer 143 may be made of a Co,,Fe, , alloy
with fee-structure or a Co alloy with hep-structure which used
to be widely employed for a conventional magneto-resistance
effect element, instead of the magnetic material with the
bee-structure. The top pinned layer 143 can be made of a
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single element such as Co, Fe, Ni or an alloy containing at
least one element selected from the group consisting of Co,
Fe, Ni. In view of the large MR ratio of the top pinned layer
143, the FeCo alloy with the bee-structure, the Co alloy
containing Co element of 50% or over and the Ni alloy con-
taining Ni element of 50% or over are in turn preferable.

The top pinned layer 143 may be made of a Heusler alloy
such as Co,MnGe, CoMnSi, CO,MnAl.

In this embodiment, the top pinned layer 143 is made of the
magnetic layers (FeCo layers) and the non magnetic layers
(extremely thin Cu layers) which are alternately stacked
respectively. In this case, the top pinned layer 143 can
enhance the spin dependent scattering effect which is also
called as a “spin dependent bulk scattering effect”, originated
from the extremely thin Cu layers.

The spin dependent bulk scattering effect is utilized in pairs
for the spin dependent interface scattering effect. The spin
dependent bulk scattering effect means the occurrence of an
MR effect in a magnetic layer and the spin dependent inter-
face scattering effect means the occurrence of an MR effect at
an interface between a spacer layer and a magnetic layer.

Hereinafter, the enhancement of the bulk scattering effect
of the stacking structure of the magnetic layer and the non
magnetic layer will be described. With the CCP-CPP ele-
ment, since a current is confined in the vicinity of the current
confining layer 16, the resistance in the vicinity of the current
confining layer 16 contributes the total resistance of the mag-
neto-resistance effect element. Namely, the resistance at the
interface between the current confining layer 16 and the mag-
netic layers (pinned layer 14 and the free layer 18) contributes
largely to the magneto-resistance effect element. That means
the contribution of the spin dependent interface scattering
effect becomes large and important in the CCP-CPP element.
The selection of magnetic material located at the interface for
the current confining layer 16 is important in comparison with
a conventional CPP element. In this point of view, the pinned
layer 143 is made of the FeCo alloy with the bee-structure
exhibiting the large spin dependent interface scattering effect
as described above.

However, it maybe that the spin dependent bulk scattering
effect should be considered so as to develop the MR ratio. In
view of the development of the spin dependent bulk scattering
effect, the thickness of the thin Cu layer is set preferably
within 0.1 to 1 nm, more preferably within 0.2 to 0.5 nm. Too
thin Cu layer can not develop the spin dependent bulk scat-
tering effect sufficiently. Too thick Cu layer may reduce the
spin dependent bulk scattering effect and weaken the mag-
netic coupling between the magnetic layers via the non mag-
netic Cu layer, which the magnetic layers sandwiches the non
magnetic Cu layer, thereby deteriorating the property of the
pinned layer 14. In a preferred embodiment, in this point of
view, the thickness of the non-magnetic Cu layer is set to 0.4
nm.

The non-magnetic layer sandwiched by the magnetic lay-
ers may be made of Hf, Zr, Ti instead of Cu. In the case that the
pinned layer 14 contains the non-magnetic layer(s), the thick-
ness of the one magnetic layer such as a FeCo layer which is
separated by the non-magnetic layer is set preferably within
0.5 to 2 nm, more preferably within 1 to 1.5 nm.

In the above embodiment, the top pinned layer 143 is
constituted of the alternately stacking structure of FeCo layer
and Cu layer, but may be made of an alloyed layer of FeCo
and Cu. The composition of the resultant FeCoCu alloy may
be set to ((FexCo,00.x)100.7CU5 X=30 to 100% Cr, Y=3 to
15%), but setto another composition range. The third element
to be added to the main composition of FeCo may be selected
from Hf, Zr, Ti instead of Cu.
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The top pinned layer 143 may be also made of a single
element such as Co, Fe, Ni or an alloy thereof. In a simplified
embodiment, the top pinned layer 143 may be made of an
FeyqCo, layer with a thickness of 2 to 4 nm, as occasion
demands, containing a third additive element.

In this embodiment, as shown in FIG. 1, the functional
layers 21 made of Si, Mg, B, Al are inserted (formed) into the
bottom pinned layer 141 and the top pinned layer 143. The
functional layer 21 can exhibit a different function from the
enhancement of spin dependent bulk scattering effect by the
insertion of the non-magnetic layer made of Cu or the like in
References 1 and 2. The functional layer 21 can exhibit the
large MR ratio only if the functional layer 21 is inserted in the
CCP-GMR film of the CCP-CPP element. The functional
layer 21 will be described in detail, hereinafter.

In this embodiment, the functional layers 21 are formed in
the bottom pinned layer 141 and the top pinned layer 142, but
may be formed in either one of the bottom pinned layer 141
and the top pinned layer 142. Then, the functional layer(s) 21
may be formed at the interface between the top pinned layer
143 and the bottom metallic layer of the spacer layer, for
example. Then, the functional layer(s) 21 may be formed in
the free layer and/or
<Spacer Layer>

Then, the spacer layer will be concretely described. The
bottom metallic layer 15 is employed for the formation of the
current confining path 162 and thus, functions as a supplier
for the current confining path 162. It is not required that the
metallic layer 15 remains as it is apparently after the forma-
tion of the current confining path 162. In this point of view, the
bottom metallic layer 15 functions broadly as a part of the
spacer layer. The bottom metallic layer 15 functions as a
stopper layer preventing the oxidization of the magnetic layer
143 which is located below the current confining layer 16 in
the formation of the current confining layer 16.

When the current confining path 162 is made of Cu, the
bottom metallic layer 15 is made preferably of the same
material, Cu. When the current confining path 162 is made of
a magnetic material, the pinned layer 14 may be made of the
same magnetic material or a different magnetic material. The
current confining path 162 can be made of Au, Ag instead of
Cu.

The current confining layer 16 includes the insulating layer
161 and the current confining path 162. The insulating layer
161 is made of oxide, nitride, oxynitride or the like. In order
to exhibit the inherent function of the spacer layer, the thick-
ness of the insulating layer 161 is set preferably within 1 to 3
nm, more preferably within 1.5 to 2.5 nm.

The current confining path 162 functions as a path to flow
a current in the direction perpendicular to the film surface of
the current confining layer 16 and then, confining the current.
The current confining path 162 also functions as a conductor
to flow the current in the direction perpendicular to the film
surface of the insulating layer 161 and is made of a metal such
as Cu. In other words, the spacer layer 16 exhibits the current-
confined path structure (CCP structure) so as to enhance the
MR ratio from the current confining effect. The current con-
fining path 162 (CCP) may be made of Au, Ag, Ni, Co, Fe or
an alloy containing at least one from the listed elements
instead of Cu. In a preferred embodiment, the current confin-
ing path 162 is made of'a Cu alloy. The current confining path
162 may be made of an alloy layer of CuNi, CuCo or CuFe.
Herein, the content of Cu in the alloy is set preferably to 50%
or over in view of the enhancement of the MR ratio and the
reduction of the interlayer coupling field, Hin (interlayer cou-
pling field) between the pinned layer 14 and the free layer 18.
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The content in oxygen and nitrogen of the current confin-
ing path 162 is much smaller than (at least half as large as) the
one of the insulating layer 161. The current confining path
162 is generally crystallized. Since the resistance of the crys-
talline phase is smaller than the resistance of the non-crystal-
line phase, the current confining path 162 can easily conduct
the inherent function.

The top metallic layer 17 functions as a barrier layer pro-
tecting the oxidization of the free layer 18 to be formed
thereon through the contact with the oxide of the current
confining layer 16 so that the crystal quality of the free layer
18 cannot be deteriorated. Concretely, the top metallic layer
17 protects the free layer 18 to be formed thereon so as not to
suffer from the oxidizing and nitriding through the contact
with the oxide, nitride and/or oxynitride of the current con-
fining layer 16. Namely, the top metallic layer 17 prevents the
direct contact of the oxygen contained in the oxide of the
current confining path 162 with the free layer 18. Then, when
the insulating layer 161 is made of an amorphous material
(e.g., Al,O;), the crystal quality of a metallic layer to be
formed on the layer 161 may be deteriorated, but when an
extremely thin layer (e.g., Cu layer)to develop the crystal
quality of fce-structure is provided, the crystal quality of the
free layer 18 can be remarkably improved.

It is desired that the top metallic layer 17 is made of the
same material (e.g., Cu) as the current confining path 162 of
the current confining layer 16. If the top metallic layer 17 is
made of a different material from the current confining path
162, the resistance at the interface between the top metallic
layer 17 and the current confining path 162 is increased, but if
the top metallic layer 17 is made ofthe same material from the
current confining path 162, the resistance at the interface
between the top metallic layer 17 and the current confining
path 162 is not increased. When the current confining path
162 is made of a magnetic material, the pinned layer 14 may
be made of the same magnetic material or a different mag-
netic material. The current confining path 162 can be made of
Au, Ag instead of Cu.
<Free Layer: Free Magnetization Layer>

The free layer 18 is a ferromagnetic layer of which the
direction of magnetization is varied commensurate with the
external magnetic field. For example, the free layer 18 is made
of'a double-layered structure of CoggFe;, 1 nm/Nig;Fe,, 3.5
nm. In order to realize the large MR ratio, it is desired to
provide the CoFe alloy instead of the NiFe alloy. Then, in
order to realize the large MR ratio, the selection of magnetic
material of the free layer 18 in the vicinity of the spacer 16,
that is, at the interface therebetween is important. The free
layer 18 may be made of a single Cog.Fe,, layer with a
thickness of 4 nm without a NiFe layer or a triple-layered
structure of CoFe/NiFe/CoFe. As described below, the free
layer 18 may partially composes an amorphous alloy layer
made of CoZrNb.

Among CoFe alloys, the CogoFe,, layer is preferably
employed in view of the stable soft magnetic property. If a
CoFe alloy similar to the Co,,Fe,, alloy in composition is
employed, it is desired that the thickness of the resultant CoFe
alloy layer is set within 0.5 to 4 nm. Moreover, the free layer
18 may be made of Co,Fe yq 5 (X=70 to 90%).

Then, the free layer 18 is made of an alternately stacking
structure of CoFe layers or Fe layers with a thickness of 1 to
2 nm and extremely thin Cu layers with a thickness of 0.1 to
0.8 nm.

In the case that the current confining layer 16 is made of the
Culayer, it is desired that the FeCo layer with bee-structure is
employed as the interface material thereof for the spacer layer
16 so as to enhance the MR ratio in the same manner as the
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pinned layer 14. As the FeCo layer with bee-structure, the
Fe,Co,,0.(X=30to 100) or, as occasion demands, contain-
ing a third additive element, may be employed. In a preferred
embodiment, a Co90Fe,, 1 nm/Nig;Fe,, 3.5 nm may be
employed. Instead of the FeCo layer with bee-structure, a
CoFe layer with fcc-structure may be employed.

The free layer 18 may partially composes an amorphous
alloy layer made of CoZrNb. In this case, itis required that the
portion of the free layer 18 adjacent to the spacer layer 16 is
made of a crystalline magnetic layer. The free layer 18 may be
structured as (1) a single crystal layer, (2) a stacking structure
of crystal layer/amorphous layer and (3) a stacking structure
of crystal layer/amorphous layer/crystal layer, as viewed
from the spacer layer 16. In these cases (1) to (3), it is impor-
tant that the crystal layer of the free layer 18 is always con-
tacted with the spacer layer 16.

In this embodiment, as shown in FIG. 1, the functional
layer 21 containing Si, Mg, B, Al is inserted (formed) in the
free layer 18. The functional layer 21 can exhibit a different
function from the enhancement of spin dependent bulk scat-
tering effect by the insertion of the non-magnetic layer made
of Cu or the like in References 1 and 2 as described above (in
pinned layer). The functional layer 21 can exhibit the large
MR ratio only if the functional layer 21 is inserted in the
CCP-GMR film of the CCP-CPP element. The functional
layer 21 will be described in detail, hereinafter.

In this embodiment, the functional layer 21 is formed in the
free layer 18, but may be formed on the free layer 18 or at the
interface between the free layer 18 and the top metallic layer
17 of the spacer layer, for example. Then, the functional
layer(s) 21 may be formed in the free layer and/or cap layer as
described below.
<Cap Layer>

The cap layer 19 functions as protecting the spin valve film.
The cap layer 19 may be made of a plurality of metallic layers,
e.g., a double-layered structure of Cu 1 nm/Ru 10 nm. The
layered turn of the Cu layer and the Ru layer may be switched
so that the Ru layer is located in the side of the free layer 18.
In this case, the thickness of the Ru layer is set within 0.5 to
2 nm. The exemplified structure is particularly desired for the
free layer 19 of NiFe because the magnetostriction of the
interface mixing layer formed between the free layer 18 and
the cap layer 19 can be lowered due to the non-solution
between Ru and Ni.

When the cap layer 19 is made of the Cu/Ru structure or the
Ru/Cu structure, the thickness of the Cu layer is set within 0.5
to 10 nm and the thickness of the Ru layer is set smaller, e.g.,
within 0.5 to 5 nm due to the large specific resistance.

The cap layer 19 may be made of another metallic layer
instead of the Cu layer and/or the Ru layer. The structure of
the cap layer 19 is not limited only if the cap layer 19 can
protect the spin valve film. If the protective function of the cap
layer 19 can be exhibited, the cap layer 19 may be made of
still another metal. Attention should be paid to the metallic
layer because the kind of material of the cap layer may change
the MR ratio and the long reliability. In view of the stable MR
ratio and long reliability, the Cu layer and/or the Ru layer is
preferable for the cap layer.

In this embodiment, as shown in FIG. 1, the functional
layer 21 containing Si, Mg, B, Al is inserted (formed) in the
cap layer 19. The functional layer 21 can exhibit a different
function from the enhancement of spin dependent bulk scat-
tering effect by the insertion of the non-magnetic layer made
of Cu or the like in References 1 and 2 as described above (in
pinned layer). The functional layer 21 can exhibit the large
MR ratio only if the functional layer 21 is inserted in the
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CCP-GMR film of the CCP-CPP element. The functional
layer 21 will be described in detail, hereinafter.

In this embodiment, the functional layer 21 is formed in the
cap layer 19, but may be formed on the cap layer 19, that is,
between the free layer 18 and the cap layer 19, for example.
Then, the functional layer(s) 21 may be formed in the pinned
layer and/or free layer as described above.

In this embodiment, by inserting the functional layer(s) 21
containing at least one element selected from the group con-
sisting of Si, Mg, B, Al into at least one of the bottom pinned
layer 141, the top pinned layer 143, the free layer 18 and the
cap layer 19, the MR ratio of the magneto-resistance effect
element (CCP-CPP element) in FIG. 1 can be enhanced. In
References 1 and 2, an intermediate layer similar to the func-
tional layer is formed in the CCP-CPP element, thereby
enhancing the MR ratio of the CCP-CPP element through the
enhancement of the spin dependent bulk scattering. In this
embodiment, however, the enhancement of the MR ratio
relating to the functional layer is not originated from the
enhancement of spin dependent bulk scattering.

The inventors found out that if the functional layer made of
Siis inserted in at least one of the bottom pinned layer 141, the
top pinned layer 143, the free layer 18 and the cap layer 19, the
MR ratio ofthe magneto-resistance effect element in FIG. 11s
enhanced. One concrete film structure of the magneto-resis-
tance effect element exhibiting the enhancement of the MR
ratio will be described below.

Bottom electrode 11
Underlayer 12
Pinning layer 13
Pinned layer 14

Ta 5 nm/Ru 2 nm

Irp»,Mnse 7 nm

CosFe,s 3.3 nm/Ru 0.9 nm/

Fe5,Cosq 1 nm/Cu 0.25 nm x 2/Fes,Cos,
1 nm

Cu 0.6 nm

Insulating layer 161 of

Al,Oj; and current confining path 162 of Cu
Cu 0.4 nm

CogoFesq 2 nm/Si 0.25 nm/

NigsFe ;3.5 nm

Cu 1 nm/Ta 2 nm/Ru 15 nm

Metallic layer 15
Current confining layer 16

Metallic layer 17
Free layer 18

Cap layer 19
Top electrode 20

In the CCP-GMR film of the above-listed film structure,
the MR ratio was 11%. If the free layer 18 is made of
Co,oFeso 2 nm/Nig;Fe, 5 3.5 nm without the functional layer,
the MR ratio was 9.5%. As a result, by inserting the Si layer
into the free layer 18 of the CCP-GMR film, it was confirmed
that the MR ratio is enhanced by 1.5%.

In the film structure, it was confirmed that the insertion of
the Si functional layer into the free layer 18 can enhance the
MR ratio. Similarly, it was confirmed that the insertion of the
Si functional layer into the cap layer 19 and the pinned layer
14 can enhance the MR ratio. The detail explanation will be
done in Examples.

Herein, the reason of the enhancement of the MR ratio of
the magneto-resistance effect element in this embodiment
will be described. At present, the mechanism to develop the
MR ratio may not be fully recognized.

A. Discussion for the mechanism relating to the enhance-
ment of the MR ratio of the magneto-resistance effect element
through the insertion of the functional layer. First of all, it is
considered that the enhancement of the MR ratio and the
reliability is originated from the capturing effect of excess
oxygen. FIG. 2A relates to a cross sectional view of a con-
ventional CCP-GMR film without a functional layer. In FIG.
2A, since the insulating layer 161 is made of Al,O;, the
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excess oxygen generated when the Al,O; is formed is dif-
fused into the pinned layer 14 and the free layer 18.

When the excess oxygen is diffused into the pinned layer
14 and the free layer 18, the excess oxygen may oxidize the
magnetic constituent elements such as Co, Fe, Ni. If the CoO,
FeO or NiO are formed in the pinned layer 14 and the free
layer through the oxidation, the spin dependent bulk scatter-
ing may be deteriorated. Moreover, if the CoO, FeO or NiO
are formed at the interface between the pinned layer 14 and
the bottom metallic layer 15 and at the interface between the
top metallic layer 17 and the free layer 18, the spin dependent
interface scattering may be deteriorated. The reduction of the
spin dependent bulk scattering and the spin dependent inter-
face scattering causes the reduction of the MR ratio. In this
point of view, a conventional CCP-GMR film can not exhibit
the inherent GMR effect sufficiently and in order to mount the
CCP-GMR film at a magnetic head for high density recording
magnetic recording device, it is effective to prevent the dif-
fusion of the excess oxygen from the insulating layer 162.

FIG. 2B relates to a cross sectional view of the CCP-GMR
film with a functional layer inserted therein. In FIG. 2B, the Si
functional layer 21 is inserted into the top pinned layer 143.
Table 1 lists various element oxide formation energies. In
Table 1, the element with lower oxide formation energy
means an element likely to be oxidized. Referring to Table 1,
elemental Si is likely to be oxidized in comparison with Co,
Fe, Ni. Therefore, the excess oxygen from the free layer 18
and the pinned layer 14 is shifted to the Si functional layer 21
so that the elemental Si is oxidized and the elemental Co, Fe,
Ni are (is) reduced. Therefore, by inserting the Si functional
layer into the top pinned layer 143 and the free layer 18, the
formation of CoO, FeO and NiO can be prevented so that the
spin dependent bulk scattering and the spin dependent inter-
face scattering can not be deteriorated. As a result, the CCP-
GMR film can exhibit the inherent GMR effect sufficiently.

TABLE 1
Oxide formation
free energy

Element  Oxide {x1076 I/kmol}
Metal pass material Cu CuO -127
Magnetic material Co CoO -213

Ni NiO -216

Fe FeO -244
Examples of element with Mo MoO, -502
higher oxygen affinity than Mg MgO -573
magnetic material \' VO, -680

w WO, -763

Si SiO, -805

Ti TiO, -880

Zr ZrO, 1037

Cr Cr,0;3 -1048

Hf HfO, -1084

B B,0; -1170

Al ALO; -1580

Ta Tay05 -1970

In order to realize the enhancement of the MR ratio, it is
required that the element to be employed for the functional
layer is appropriately selected. As is apparent from Table 1,
there are many elements likely to be oxidized in comparison
with Co, FeNi in addition to Si. For example, if the Ta or Hf
functional layer is inserted into the pinned layer 14 or the free
layer 18, the Ta or Hf functional layer can exhibit the excess
oxygen-capturing function in the same manner as the Si func-
tional layer. With the Ta or Hf functional layer, however, the
spin-polarized conduction electrons may bring about some
scatterings of no spin-dependent through the spin orbit inter-
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action at the Ta or Hf functional layer. In other words, even
though the Ta or Hf functional layer captures the excess
oxygen so that the CPP-GMR film can exhibit the inherent
GMR effect sufficiently, the spin-polarized conduction elec-
trons can not reach the magnetic layer effectively and effi-
ciently because the conduction electrons lose the inherent
spin polarization at the Ta or Hf layer. As a result, the CPP-
GMR film can not exhibit the inherent GMR effect, resulting
in the reduction of the MR ratio.

In contrast, since the elemental Si, the Si functional layer
being able to exhibit the enhancement of the MR effect, is an
element of smaller atomic number, with the Si functional
layer, the spin-polarized conduction electrons may not bring
about some scatterings of no spin-dependent through the spin
orbit interaction in comparison with the Ta or Hf functional
layer. As a result, the Ta or Hf functional layer may not reduce
the GMR effect of the CPP-GMR element in view of the spin
polarization. In this way, since the Si functional layer may not
bring about the scattering of no spin-dependent and may
capture the excess oxygen, the Si functional layer can
enhance the MR ratio of the CCP-GMR film. According to the
above-described discussion, as an element likely to be oxi-
dized in comparison with Co, Fe and Ni, Mg, B and Al may be
exemplified. It may be, therefore, that the Mg, B or Al func-
tional layer can enhance the MR ratio of the CCP-GMR film
through the capture of the excess oxygen.

It is also considered that the enhancement of the MR ratio
of'the formation of the functional layer is originated from the
diffusion preventing effect in addition to the excess oxygen
capturing effect. When the Mn elements of the pinning layer
13 and the Ni elements of the top free layer are diffused near
the current confining layer, the resistance of the current con-
fining path may be increased and/or the spin dependent inter-
face scattering may be reduced, resulting in the reduction of
the MR ratio. In the magneto-resistance effect element, for
example, if the Sifunctional layer is inserted in the top pinned
layer 143, the diffusion of the Mn elements contained in the
pinning layer 13 can be prevented near the current confining
layer 16 so as to enhance the MR ratio of the CPP-GMR film.
Moreover, when the free layer 18 is made of Fe,,Co,, 20
nm/Nig;Fe, , 35 nm, if the Si functional layer is formed in a
thickness of 0.25 nm between the Fe,,Co,, layer and the
Nig;Fe, -, the diffusion of the Ni elements contained in the
free layer 18 is prevented, resulting in the enhancement of the
MR ratio.

Even though the Si functional layer is inserted in the cap
layer 19, the MR ratio can be enhanced, which will be referred
to Examples, hereinafter. In this case, since the functional
layer is not formed between the pinning layer and the current
confining layer and between the Ni-containing layer of the
free layer and the current confining layer, the functional layer
can not exhibit the diffusion preventing function against the
Mn elements and the Ni elements. As a result, the diffusion
preventing function of the functional layer is not an essential
function for the enhancement of the MR ratio.

Itis considered that the enhancement of the MR ratio of the
functional layer is originated from the stabilization of the
bee-structure of the free layer 18.

When the portion of the free layer 18 in the side of the
spacer layer is made of a magnetic material of bee-structure,
the spin dependent interface scattering is increased so as to
realize the large MR ratio. In view of the soft magnetic prop-
erty, it is not desired that the free layer 18 is made of a single
layer of Fes,Cos, and it is desired that the free layer 18 is
made of Fe;,Cos, 2 nm/NiggFe,, 3.5 nm. In the latter case,
since the Fe,Cos, layer is formed thinner, the bee-structure
of'the Fe;,Cos, layer may become unstable because the fcc-
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structure of the Nig Fe,, layer, which is formed on the
Fe;,Cos, layer, affects the crystallinity of the Fe;,Cos, layer.
In this case, if the Si functional layer with a thickness of 0.25
nm is inserted between the Fe;,Cos, layer and the NigFe,
layer, the Si functional layer cuts off the lattice match
between the Fe;,Cos, layer and the Nig Fe, , layer, allowing
the stability of the bee-structure of the Fe,,Cos, layer.

As described above, however, even though the Si func-
tional layer is inserted in the cap layer 19, the MR effect can
be enhanced, so that the stabilization of the bce-structure is
not an essential function for the enhancement of the MR ratio.

Possibly, the enhancement of the MR ratio of the CCP-
GMR film is mainly originated from the capturing effect of
the excess oxygen from the spacer layer. When the Si func-
tional layer is formed between the Fe;,Cos, layer and the
NigFe,, layer, the enhancement of the MR ratio of the CCP-
GMR film may be partially originated from the diffusion
preventing effect of the Ni elements and the stabilization of
the bee-structure of the Fes,Cos,, layer. Anyway, if the func-
tional layer is formed, the MR ratio of the CPP-GMR film can
be enhanced.

The functional layer 21 may be made of a material con-
taining an element such as Mg, B, Al with an oxide formation
energy lower than Co, Ni, Fe, in addition to Si. Since the
non-magnetic functional layer 21 is inserted, the magnetic
coupling of the pinned layer 14 or the free layer 18 (that is,
between the top magnetic layer and the bottom magnetic
layer which are divided by the functional layer) may be
divided. In order to maintain the magnetic coupling of the
pinned layer 14 and the free layer 18 via the functional layer
21 sufficiently, the thickness of the functional layer 21 is set
preferably within 0.05 to 1 nm, more preferably within 0.1 to
0.7 nm.

On the other hand, when the functional layer 21 is formed
inthe cap layer 19, the thickness of the functional layer 21 can
be set larger than in the case of the pinned layer 14 and the free
layer 18 because the magnetic coupling is not required to be
divided. Therefore, the thickness of the functional layer is set
preferably within 0.05 to 3 nm, more preferably within 0.1 to
1 nm. Too thick functional layer may cause the increase of the
Series resistance.

In the case that the functional layer 21 is formed in the
pinned layer 14 and the free layer 18, the functional layer 21
may be made of a layer mixed with magnetic element such as
Co, Ni, Fe and non-magnetic inherent functional element
such as Si, Mg, B, Al. For example, in the case that the
functional layer is inserted into the free layer 18 of Fe,,Cos,
2 nm/NigoFe,, 3.5nm, the functional layer may be made of
Fe;,Cos, containing additive Si or Nig,Fe, , containing addi-
tive Si. In this case, since the functional layer contains the
magnetic elements and the Si element, the Sielements may be
dispersed in the thickness direction of the functional layer so
that the capturing efficiency of excess oxygen may be
reduced, in comparison with the Si functional layer without
the magnetic elements. However, since the functional layer is
formed, the enhancement of the MR ratio can be increased to
some degrees. Without the functional layer, the enhancement
of the MR ratio can not be increased. Moreover, since the
functional layer containing the magnetic elements and the Si
element is formed, the magnetic coupling of the magnetic
layer (that is, the top magnetic layer and the bottom magnetic
layer which are divided by the functional layer) can be easily
maintained via the functional layer.

Suppose that the Si elements are dispersed entirely in the
free layer 18 of FeCo/NiFe, the free layer 18 becomes
FeCoSi/NiFeSi. In this case, since the Si elements to capture
the excess oxygen are dispersed uniformly in the free layer
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18, the capturing effect of the excess oxygen may be dimin-
ished because the excess oxygen can not be gather up. Inother
words, in order to achieve the present invention, it is required
that the Si elements are added to the magnetic layer as the
functional layer, and not required that the Si elements are
added as it is.

It is not desired that the functional layer is formed remote
from the spacer layer. If the functional layer is formed remote
from the spacer layer, the functional layer can not capture the
excess oxygen of the portions of the pinned layer 14 and the
free layer 18 in the vicinity of the spacer layer so that the
excess oxygen remains in the magnetic layer most contribut-
ing the MR effect in the vicinity of the current confining layer
16. In the case that the functional layer 21 is inserted in the
pinned layer 14, it is desired that the functional layer 21 is
formed in the region remote from the interface between the
pinned layer 14 and the spacer layer by 10 nm or below in the
direction from the interface therebetween to the pinned layer
14. In the case that the functional layer 21 is inserted in the
free layer 18 and the cap layer 19, it is desired that the
functional layer 21 is formed in the region remote from the
interface between the free layer 18 and the spacer layer by 10
nm or below in the direction from the interface therebetween
to the free layer 18.

The functional layers may be formed in the pinned layer
14, the free layer 18 and the cap layer 19. In this case, the
layers can be represented as Fe;,Cos, 2 nm/first functional
layer Si 0.25 nm/Niy Fe,, 1.5 nm/second functional layer Si
0.25 nm/NigyFe,, 1 nm/third functional layer Si 0.25
nm/Nig Fe,, 1 nm. The distance of the first functional layer
and the second functional layer is set preferably within 1 to 2
nm, and the distance of the second functional layer and the
third functional layer is set preferably within 1 to 2 nm.

If the functional layers are formed, the capturing effect of
excess oxygen can be enhanced. The functional layers are
formed both of or either of the pinned layer 14 and the free
layer 18.

On the other hand, if the functional layers are formed in the
magnetic layer, the magnetic coupling of the magnetic layer is
reduced so that the magnetic characteristics of the magnetic
layer may be deteriorated. In order to prevent the deteriora-
tion of the magnetic coupling in the pinned layer 14 or the free
layer, the total thickness of the functional layers is preferably
set to the thickness of one functional layer. The distance
between the adjacent functional layers is set within 1 to 2 nm.

The MR ratio is increased dependent on the kind of mate-
rial of the magnetic layer. The MR ratio is increased as the Fe
composition ratio is increased. One film structure embodi-
ment will be listed below.

Bottom electrode 11
Underlayer 12
Pinning layer 13
Pinned layer 14

Ta 5 nm/Ru 2 nm

Irp»,Mnse 7 nm

Co,sFeys 3.3 nm/Ru 0.9 nm/

Fe5qCoso 1 nm/Cu 0.25 nm x 2/FesqCoso
1nm

Cu 0.6 nm

Insulating layer 161 of

Al,0Oj and current confining path 162 of Cu
Cu 0.4 nm

described later

Cu 1 nm/Ta 2 nm/Ru 15 nm

Metallic layer 15
Current confining layer 16

Metallic layer 17
Free layer 18
Cap layer 19
Top electrode 20

In comparison of the free layer 18 of Fe—Co 2 nm/Si1 0.25
nm/Nig;Fe, -, 3.5 nm (with the functional layer 21) with the
free layer 18 of FeCo 2 nm/Nig;Fe,; 3.5 nm (without the
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functional layer 21), the MR ratio is increased by 0.5% at the
Fe composition of 10 at. % at the interface between the free
layer 18 and the spacer, and by 1.5% at the Fe composition of
40 at. % thereat, and by 2.2% at the Fe composition of 50 at.
% thereat.

It is apparent, therefore, that the MR ratio due to the func-
tional layer is increased as the Fe composition is increased. In
this point of view, in the case that the functional layer 21 is
inserted in the magnetic layer, it is desired in view of the
enhancement of the MR ratio that the Fe composition is set to
10 at % or over in the region remote from the spacer layer by
1 nm or below, preferably to 40 at % or over therein.

The reason the MR ratio is increased as the Fe composition
is increased can be considered as follows. The oxide forma-
tion energy of Fe is lowest among Co, Fe, Ni. When the
pinned layer 14 and the free layer 18 are made of materials
with Fe-rich compositions, the pinned layer 14 and the free
layer 18 are likely to be oxidized from the excess oxygen of
the spacer layer. Therefore, the MR ratio of the CPP-GMR
film subject to the excess oxygen becomes lower than the MR
ratio of the CPP-GMR film not subject to the excess oxygen.
However, in the CPP-GMR film subject to the excess oxygen,
the MR ratio can be easily increased by the capturing effect of
excess oxygen due to the formation of the Si functional layer.
Among Co, Fe, Ni, the oxide formation energy of Fe is lowest
and the oxide formation energy of Co is highest. Therefore,
the MR ratio in the magnetic layer with higher Fe composi-
tion can be increased remarkably by the formation of the
functional layer 21 in comparison with the MR ratio in the
magnetic layer with higher Ni composition and Co composi-
tion.

The structure of the magneto-resistance effect film 10 con-
taining the functional layer therein can be observed by means
of a three-dimensional atom probe, e.g., the Local Electrode
Atom Probe made by “Imago Scientific Instruments Inc”.

According to the three-dimensional atom probe, the com-
position of the material to be observed can be mapped three-
dimensionally in the order of atomic level. Concretely, the
sample to be measured is processed in needle shape so that the
curvature radius of the forefront of the sample is set within 30
to 100 nm and the length (height) of the sample is set to about
100 pum. Then, a high voltage is applied to the sample so as to
evaporate the atoms from the forefront of the sample by
means of the electric field generated by the application of the
high pulsed voltage, which the evaporated atoms are detected
by the two-dimensional detector. The intended three-dimen-
sional (X, y, ) structure can be obtained from the information
in the depth (z-axis) direction by following the changes in
position information of the atoms in the two dimensional (x,
y) plane with time, which the position information of the
atoms are detected by the two-dimensional detector.

A three-dimensional atom probe made by “Oxford Instru-
ments Inc.” or Cameca Inc. may be employed instead of the
three-dimensional atomic force microprobe. The electric
field evaporation may be conducted by the application of a
laser pulse instead of the pulsed voltage. In both cases, a
biasing electric field is applied by means of DC voltage. With
the pulsed voltage, the electric field requiring the electric field
evaporation can be generated in dependent on the amplitude
of the voltage. With the laser pulse, the sample is locally
heated by the irradiation of the laser pulse so that the electric
field evaporation can be likely to be generated.

The structure of the magneto-resistance effect film 10 con-
taining the functional layer therein can be locally observed by
means of element analysis through EDX in the cross sectional
TEM image.
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In this embodiment, as shown in FIG. 1, although the
functional layers are applied for the bottom-type CCP-CPP
element, the functional layers may be applied for the top-type
CCP-CPP element. FIG. 3 relates to a cross sectional view of
atop type CCP-CPP element. In this case, the functional layer
21 may be formed in the underlayer 12 instead of the cap layer
19 in the bottom type CCP-CPP element. Then, the CCP-CPP
element will be described in comparison with another
embodiment.

C. Comparison with a Metal CPP-GMR Film Containing a Si
Functional Layer

In the metal CPP-GMR film, by inserting the Cu layer in
the magnetic layer, the spin dependent bulk scattering is
increased so as to enhance the MR ratio, which is disclosed in
“H. Yuasa et al., J. Appl. Phys. 92(5), 2646(2002)”. Then, in
the metal CPP-GMR film, by inserting the B, Al or Si layer in
the magnetic layer, instead of the Cu layer, the MR ratio is
increased which are disclosed in References 1 and 2. Here-
inafter, the CCP-CPP film containing the Si functional layer
therein will be described in comparison with the metal CPP-
GMR film.

In the metal CPP-GMR film, the MR ratio can be enhanced
by the formation of the inserting layer originated from the
spin bulk scattering effect. Generally, the spin dependent bulk
scattering is originated from elemental Cu so that in the metal
CPP-GMR film, the MR ratio can be most enhanced by the
formation of the Cu layer. Concretely, in the metal CPP-GMR
film, the MR ratio from the formation of the Si, B or Al layer
is one-fourth as large as the MR ratio from the formation of
the Cu layer.

Therefore, in the CCP-GMR film, the spin dependent bulk
effect can be enhanced by the formation of the inserting layer.
In fact, if the Cu layer is inserted in the top pinned layer 143
so that the structure of the top pinned layer 143 is defined as
Fes,Coso 1 nm/Cu 2.5 nm/Fes,Cosy, 1 nm/Cu 2.5
nm/Fe,,Cos, 1 nm, the spin dependent bulk scattering effect
can be enhanced. However, the MR ratio of the CCP-GMR
film is increased by about 1% through the formation ofthe Cu
layer and the MR ratio of the CCP-GMR film is increased by
about 1.5% or over through the formation of the Si layer,
which is contrary to the case of the metal CPP-GMR film
containing the Cu layer and the Si layer therein. Therefore,
the cause of the MR enhancement through the formation of
the Si layer in the CCP-GMR film is different from the cause
of'the MR enhancement through the formation of the Si layer
in the metal CPP-GMR film so that the large MR enhance-
ment through the formation of the Si layer in the CCP-GMR
film is a specific feature.

The reason the MR enhancement effect through the forma-
tion of the Si layer in the CCP-GMR film is different from the
MR enhancement eftect through the formation of the Si layer
in the metal CPP-GMR film is originated from that the MR
enhancement effect of the CCP-GMR element can be
obtained by forming the Si layer in the cap layer. On the other
hand, since the MR enhancement effect of the metal CPP-
GMR element can not be obtained by forming the Si layer in
the cap layer through the spin dependent bulk scattering.

As described above, the cause that the MR of the metal
CPP-GMR film through the formation of the Si layer is not
increased in comparison with the CCP-GMR film is origi-
nated from that in the metal CPP-GMR film, since the excess
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oxygen does not remain in the magnetic layer without the
spacer layer as a supplier of the excess oxygen, the metal
CCP-GMR film can exhibit the inherent MR ratio sufficiently
through the spin dependent bulk and interface scatterings. In
contrast, in the CCP-GMR film, since the excess oxygen
remains in the magnetic layer, the CCP-GMR film can not
exhibit the inherent MR ratio sufficiently so that in the CCP-
GMR film, the MR ratio can be enhanced by the formation of
the Si layer under the capturing effect of the excess oxygen. In
this case, the spin dependent scattering effect can be recov-
ered.

In this way, by utilizing the capturing effect of the excess
oxygen through the Si Mg, B or Al functional layer in the
CCP-GMR film, the MR ratio of the CCP-GMR film can be
enhanced.

D. Application of a Functional Layer for a TMR Film

The functional layer may be applied for a TMR film so as
to enhance the MR ratio. The TMR film can be structured as
substituting the spacer layer of metallic layer 15/current con-
fining layer 16/metallic layer 17 with an insulating layer. In
the TMR film, the insulating layer is made of e.g., MgO or
Al,O;. In the TMR film, the spin polarizations of the pinned
layer 14 and the free layer 18 are considered for the MR. The
spin polarization is lowered by the diffusion of the excess
oxygen of the MgO or Al,O; into the pinned layer 14 and the
free layer 18. In the TMR film, therefore, the prevention of the
reduction in spin polarization due to the diffusion of the
excess oxygen is effective for the enhancement of the MR
ratio. In other words, if the functional layer is formed in the
pinned layer 14, the free layer 18 and the cap layer 19 in the
TMR element, the MR may be enhanced.

The TMR film containing the functional layer can be exem-
plified as follows: Ta 5 nm/Ru 2 nm/Ir,,Mn. ¢ 7 nm/CogyFe,,
2 nm/Ru 0.9 nm/(CogoFe,p)eoBrg 2.4 nm/MgO 1.5
nm/Cog,Fe,, 1 n11/Si0.25nm/Nig Fe, s 3.5nm/Cul nm/Ta2
nm/Ru 1 nm. In this film structure, the Si functional layer with
athickness of 0.25 nm is formed in the free layer of the TMR
film.

The TMR film containing the functional layer can be exem-
plified as follows: Ta 5 nm/Ru 2 nm/Ir,,Mn. ¢ 7 nm/CogyFe,,
2 nm/Ru 0.9 nm/(CogoFesq)zoBay 0.8 nm/Si 0.125 nm/
(CogoFesg)soBsy 1.6 nm/MgO 1.5 nm/CogFe,, 1
nm/NigsFe, 5 3.5 nm/Cu 1 nny/Ta 2 nm/Ru 1 nm. In this film
structure, the Si functional layer with a thickness 0£0.125 nm
is formed in the pinned layer of the TMR film.

The TMR film containing the functional layer can be exem-
plified as follows: Ta 5 nm/Ru 2 nm/Ir,,Mn. ¢ 7 nm/CogyFe,,
2 nm/Ru 0.9 nm/(CogoFe,n)goBag 2.4 nm/MgO 1.5
nm/Cog,Fe,, 1 nm/Nig Fe, 5 3.5 n1nv/Si 0.5 nm/Cu 0.5 nm/Ta
2 nm/Ru 1 nm. In this film structure, the Si functional layer
with a thickness of 0.5 nm is formed in the cap layer of the
TMR film.

In these embodiments, the insulating spacer layer is made
of MgO. If the insulating spacer layer is made of a material
containing oxygen, the MR ratio may be increased by the
formation of the functional layer. As the concrete material of
the insulating layer, MgO, Al,0; and TiO, may be employed.
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(Apparatus to be Employed for Manufacturing a Magneto-
resistance Effect Element)

FIG. 4 is a schematic view illustrating a film forming
apparatus for manufacturing a magneto-resistance effect ele-
ment in this embodiment.

As shown in FIG. 4, the transfer chamber (TC) 50 is dis-
posed at the center of the apparatus such that the load lock
chamber 51, the pre-cleaning chamber 52, the first metallic
film-forming chamber (MC1) 53, the second metallic film-
forming chamber (MC2) 54 and the oxide layer-nitride layer
forming chamber (OC) 60 are disposed so as to be connected
with the transfer chamber 50 via the gate valves, respectively.
Inthe apparatus, the substrate on which various films are to be
formed is transferred from one chamber from another cham-
ber under the vacuum condition via the corresponding gate
valve. Therefore, the surface of the substrate can be main-
tained clean.

The metallic film-forming chambers 53 and 54 include a
plurality of targets (five to ten targets) which is called as a
multi-structured target. As the film forming means, a sputter-
ing method such as a DC magnetron sputtering or an RF
magnetron sputtering, an ion beam sputtering, a vacuum
deposition, a CVD (Chemical Vapor Deposition) or an MBE
(Molecular Beam Epitaxy) can be employed.

(Schematic Explanation of the Method for Manufacturing a
Magneto-resistance Effect Element)

Hereinafter, the method for manufacturing a magneto-re-
sistance effect element will be schematically described. FIG.
5 is a flowchart of the manufacturing method of the magneto-
resistance effect element in this embodiment. First of all, on
the substrate (not shown) are subsequently formed the bottom
electrode 11, the underlayer 12, the pinning layer 13, the
pinned layer 14, the bottom metallic layer 15, the spacer layer
16, the top metallic layer 17, the free layer 18, the cap layer 19
and the top electrode 20. A substrate is set into the load lock
chamber 51 so that some metallic films are formed in the
metallic film-forming chambers 53 and 54 and some oxide
and/or nitride layers are formed in the oxide layer-nitride
layer forming chamber 60. The ultimate vacuum of the metal-
lic film-forming chambers 53 and 54 is preferably set to
1x107® Torr or below, normally within a range of 5x107°
Torr-5x107° Torr. The ultimate vacuum of the transfer cham-
ber 50 is set in the order of 10~° Torr. The ultimate vacuum of
the oxide layer-nitride layer forming chamber 60 is set to
8°107° Torr or below. Then, the formation of each layer will
be described.

(1) Formation of Underlayer 12 (Step S11)

The bottom electrode 11 is formed on the (not shown)
substrate by means of micro-process in advance. Then, the
underlayer 12 is formed as a layer of Ta 5 nm/Ru 2 nm on the
bottom electrode 11. The Ta layer functions as the buffer layer
12a for relaxing the surface roughness of the bottom electrode
11. The Ru layer functions as the seed layer 125 for control-
ling the crystalline orientation and the crystal grain of the spin
valve film to be formed thereon.

(2) Formation of Pinning Layer 13 (Step S12)

Then, the pinning layer 13 is formed on the underlayer 12.
The pinning layer 13 may be made of an anti ferromagnetic
material such as PtMn, PdPtMn, IrMn, RuRhMn.

(3) Formation of Pinned Layer 14 (and Functional Layer 21)
(Step S13)

Then, the pinned layer 14 is formed on the pinning layer 13.
The pinned layer 14 may be formed as the synthetic pinned
layer of the bottom pinned layer 141 (Co90Fe,,)/the mag-
netic coupling layer 142 (Ru)/the top pinned layer 143
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(Co90Fe ;). In this case, by changing the material to be
film-formed during the formation of the top pinned layer 143,
the functional layer 21 can be formed. Concretely, if the
material is switched to Si from Co90Fe,, and then, to
Co90Fe, ,, from Si, the Si functional layer can be formed in the
top pinned layer 143. If the material is switched to Si from
Co90Fe, , and then, notto Co90Fe, , from Si, the Si functional
layer can be formed on the top pinned layer 143.

(4) Formation of Spacer Layer 15 to 17 (Step S14)

Then, the spacer layer 15 to 17 containing the current
confining layer 16 with the current-confined-path structure
(CCP structure) is formed in the oxide layer-nitride layer
forming chamber 60.

The current confining layer 16 can be formed below. In this
embodiment, the current confining layer is configured such
that the current confining path 162 made of crystalline Cu is
formed in the insulating layer 161 made of amorphous Al,O;.

1) First of all, the bottom metallic layer 15 (e.g., made of
Cu) as a supplier for the current confining path is formed on
the top pinned layer 143 (or the functional layer), and the
metallic layer (e.g., AlCu or Cu) to be converted into the
corresponding insulating layer is formed on the bottom
metallic layer 15. Then, the pre-treatment is performed onto
the metallic layer under the irradiation of ion beams of inert
gas such as Ar. The irradiation of ion beams corresponds to a
pre-treatment for the formation of the insulating layer 161
and the current confining path 162, and is called as a “PIT
(Pre-ion treatment)”. According to the PIT, the elements of
the bottom metallic layer are pumped up and infiltrated into
the metallic layer. Therefore, the PIT is effective as an energy
treatment.

2) Then, the metallic layer is oxidized by supplying oxi-
dizing gas such as oxygen. According to the oxidizing treat-
ment, the metallic layer is converted into the insulating layer
161 and the current confining path 162 is formed through the
insulating layer 161, thereby completing the current confin-
ing layer 16. The oxidizing treatment can be performed by
supplying the oxidizing gas (oxygen gas) under the irradia-
tion of the ion beams. The treatment is called as an “IAO (Ion
Assisted Oxidation)”. According to the oxidizing treatment,
the current confining layer 16 can be formed under the con-
dition that the current confining path 162 of Cu is separated
from the insulating layer 161 of Al,O;. The current confining
layer 16 is formed by the difference in oxide formation energy
between the elemental Al and the elemental Cu. Then, the top
metallic layer 17 is formed of Cu on the current confining
layer 16.

(5) Formation of Free Layer 18 (and Functional Layer) (Step
S15)

The free layer 18 is formed on the top metallic layer 17. The
free layer 18 may be structured as Co90Fe, 1 nm/Nig,Fe, 3.5
nm. In this case, by changing the material to be film-formed
during the formation of the free layer 18, the functional layer
21 can be formed. Concretely, if the material is switched to Si
from Co90Fe,, and then, to Co90Fe,, from Si, the Si func-
tional layer can be formed in the top pinned layer 143. If the
material is switched to Si from Co90Fe,, and then, not to
Co90Fe, , from Si, the
(6) Formation of Cap Layer 19 (and Functional Layer) and
Top

The cap layer 19 is formed as a multilayer of Cu 1 nm/Ru
10 nm on the free layer 18. In this case, by changing the
material to be film-formed during the formation of the cap
layer 19, the functional layer can be formed. Concretely, if the
material is switched to Si from Cu and then, to Cu from Si, the
Si functional layer 21 can be formed in the cap layer 19.

Then, the top electrode 20 is formed on the cap layer 19 so
as to flow a current to the spin valve film in the direction
perpendicular to the film surface thereof.
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EXAMPLES

The present invention will be described in detail in view of
Examples.

24

The MR ratio of the magneto-resistance effect element in
Example 1 is increased than the MR ratio of the magneto-
resistance effect element in Comparative Example 1 by 1.5%.
It is considered that the MR enhancement is originated from

5 the capturing effect of the excess oxygen from the spacer
Example 1 layer (Al,0;) by the Si functional layer. According to the
. . three dimensional atom probe, it is confirmed that the Si
In this embodiment, the film structure was configured . . blobe. .
functional layer is formed in layered-shape in the free layer
below. 18
o
Example 2
Bottom electrode 11
Underlayer 12 Ta 5 nm/Ru 2 nm
g}nn“:igllayer 1143 IcrzzNII:nm 73n3m RW0.9 mm In this embodiment, the functional layer was formed at
inned layer 075F€55 3.3 nm/Ru 0.9 nm, 15 . .
FeayCoug 1 Am/Cu 0.25 nm x 2/FesyCoso various positions ofthe free layer 18.and the cap layer 19. The
1 nm fundamental film structure will be listed below.
Metallic layer 15 Cu 0.6 nm
Current confining layer 16  insulating layer 161 of
Al,0Oj and current confining path 162 of Cu
Metallic layer 17 Cu 0.4 nm 20 Bottom electrode 11
Free layer 18 described later Underlayer 12 Ta 5 nm/Ru 2 nm
Cap layer 19 Cu 1 nm/Ta 2 nm/Ru 15 nm Pinning layer 13 Ir,,Mn 7 nm
Top electrode 20 Pinned layer 14 CosFess 3.9 nm/Ru 0.9 nm/
Fe50Coso 1.8 nm/Cu 0.25 nm/FesoCosq
. . o 1.8 nm
I.n this embodiment, the ch.aracte?rlstlcs of the magneto- 55 Metallic layer 15 Cu0.6nm
resistance effect element was investigated with and without Current confining layer 16  insulating layer 161 of
the functional layer in the free layer 18. Example 1corre- AL Oj and current confining path 162 of Cu
sponds to the magneto-resistance effect element with the Metallic layer 17 Cu0.4nm
. . Free layer 18 described later
functional layer and Comparative Example 1 corresponds to .
A k 3 Cap layer 19 described later
the magneto-resistance effect element without the functional Top electrode 20
: : 30
layer. The results are listed in Table 2.
TABLE 2 The thickness of the pinned layer 14 of the film structure in
Example 2 is larger than the thickness of the pinned layer 14
MI:, 35 of the film structure in Example 1. If the thickness of the
variation . . .« e .
Free layer 18 ratio [%] pinned lay.er 14 is set larger, the crystallinity of the top pinned
layer 143 is enhanced so as to enhance the MR through the
Example 1 Ii?solf% [32 Sﬂm]/ functional layer 81 [0.25 nm]/ 10.5 enhancement of the spin dependent bulk scattering effect. The
c . fgsFe 7 [3.5 om] film structure of the free layer 18 and the cap layer 19 will be
omparative CogoFeyq [2 nm]/Nig;Fe,; [3.5 nm] 9 . . A 4
Example 1 2 listed in Table 3. In this case, the magneto-resistance effect
element was manufactured in the same manner as in Example
1. The results are listed in Table 3.
TABLE 3
MR
variation
Free layer 18 Cap layer 19 ratio [%]
Example 2A  CogFeyo [2 nm]/ Cu [1 nm)/Ta [2 nm])/Ru 12.3
functional layer Si [0.25 nm]/ [15 nm]
NigsFe,; [3.5 nm]
Example 2B CogoFeyo [2 nm]/ Cu [1 nm)/Ta [2 nm])/Ru 12.1
NigzFe ;7 [1.5 nm]/ [15 nm]
functional layer Si [0.25 nm]/
NigsFe,; [3.5 nm]
Example 2C  CogoFeyo [2 nm]/ functional layer Si [0.25 nm]/ 12.0
functional layer Si [0.25 nm]/ Cu [1 nm]/Ta [2 nm]/
Nig;Fe,, [3.5 nm] Ru [15 nm]
Comparative CogoFeyo [2 nm]/ Cu [1 nm)/Ta [2 nm])/Ru 10.8
Example2  Nig;Fe;; [3.5 nm] [15 nm]
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The MR ratios of the magneto-resistance effect films in
Example 2A, Example 2B and Example 2C are enhanced by
1.5%, 1.3% and 1.2%, respectively, in comparison with Com-
parative Example 2. Itis considered that the MR enhancement
is originated from the capturing effect of the excess oxygen
from the spacer layer (Al,O;) by the Si functional layer.
According to the three dimensional atom probe, it is con-
firmed that the Si functional layer is formed in layered-shape
in the free layer 18. The reason the MR in Comparative
Example 2 is increased than the MR in Comparative Example
1 is originated from that the thickness of the pinned layer 14
in Comparative Example 2 is larger than the thickness of the
pinned layer 14 in Comparative Example 1. As a result, it was
confirmed that the MR can be enhanced by the formation of
the functional layer in the free layer 18 and the cap layer 19.
The MR enhancement degree in Examples 2B and 2C is
smaller than the MR enhancement degree in Example 2A,
which may result from that the capturing effect of the excess
oxygen in Examples 2B and 2C is lower than the capturing
effect of the excess oxygen in Examples 2A because in
Examples 2B and 2C, the functional layer is formed remote
from the spacer layer. According to the three dimensional
atom probe, it is confirmed that the Si functional layer is
formed in layered-shape in the free layer 18.

Example 3
In this embodiment, the functional layers were formed in

the pinned layer 14 and the free layer 18. The fundamental
film structure will be listed below.

Bottom electrode 11

Underlayer 12 Ta 5 nm/Ru 2 nm

Pinning layer 13 Ir,,Mn,g 7 nm
Pinned layer 14 described later
Metallic layer 15 Cu 0.6 nm

Current confining layer 16  insulating layer 161 of

Al,0Oj and current confining path 162 of Cu
Cu 0.4 nm

described later

Cu 1 nm/Ta 2 nm/Ru 15 nm

Metallic layer 17
Free layer 18
Cap layer 19
Top electrode 20

The film structure of the pinned layer 14 and the free layer
18 will be listed in Table 4. In Example 3, the Si functional
layer is formed in the top pinned layer 143, which is different
from Example 2. The results are listed in Table 4.

TABLE 4

26
with Example 2A. It is confirmed that the MR ratio of the
CCP-GMR film can be enhanced by the formation of the Si
functional layer into pinned layer 14. According to the three
dimensional atom probe, it is confirmed that the Si functional
layer is formed in layered-shape in the free layer 18.

5
Example 4
In this embodiment, the thickness of the functional layer
o Was varied. The fundamental film structure will be listed
below.
Bottom electrode 11
15 Underlayer 12 Ta 5 nm/Ru 2 nm
Pinning layer 13 Ir,,Mn,g 7 nm
Pinned layer 14 CosFess 3.9 nm/Ru 0.9 nm/
Fe5,Cos0 1.8 nm/Cu 0.25 nm/Fe5,Cos,
1.8 nm
Metallic layer 15 Cu 0.6 nm
20 Current confining layer 16 insulating layer 161 of
Al,Oj; and current confining path 162 of Cu
Metallic layer 17 Cu 0.4 nm
Free layer 18 described later
Cap layer 19 Cul nm/Ta 2 nm/Ru 15 nm
Top electrode 20
25
The results are listed in Table 5.
TABLE 5
30 MR
variation
Free layer 18 ratio [%]
Example 4  CogoFeyp [2 nm])/functional layer Si [0.5 nm]/ 12.3
NigsFe, , [3.5 nm]
Example 2A  CogFe,q [2 nm]/functional layer Si [0.25 nm]/ 12.3
5 NigsFe 7 [3.5 nm]
Comparative CogoFeyo [2 nm]/NigsFe,; [3.5 nm] 10.8
Example 2
The MR ratio of the magneto-resistance effect film in
40 Example 4 is enhanced by 1.5%, in comparison with Com-
parative Example 2, which corresponds to the enhancement
degree of the MR ratio in the case of Example 1 and Com-
parative Example 1. Herein, the thickness of the Si functional
layer in Example 4 is set larger than the thickness of the Si
45 functional layer in Example 1. It is considered that the MR

enhancement is originated from the capturing effect of the
excess oxygen from the spacer layer (Al,0;) by the Si func-

Pinned layer 14 Free layer 14

MR
variation
ratio [%]

Example 3 Cos5Fe,s [3.9 nm]/Ru CogoFesq [2 nm]/
[0.9 nm]/Fe5,Cosq [0.6 nm]/ functional layer Si [0.25 nm]/
functional layer Si [0.25 nm]/ NigsFe 7 [3.5 nm]
Fe50Coso [1.2 nm]/Cu
[0.25 nm]/FesqCos [1.8 nm]
Example 2A  Co,sFe,s [3.9 nm]/Ru CogoFeyq [2 nm]/
[0.9 nm)/FesqCosq [1.8 nm]/ functional layer Si [0.25 nm]/
Cu [0.25 nm]/Fes5oCosq [1.8 nm]  NigzFe; [3.5 nm]
Comparative Co,sFe,s [3.9 nm]/Ru CogoFesq [2 nm]/
Example2  [0.9 nm]/Fe5,Cosq [1.8 nm]/ Nig;Fe,; [3.5 nm]

Cu [0.25 nm]/Fes5,Cosq [1.8 nm]

12.8

12.3

The MR ratio of the magneto-resistance effect film in ¢s tional layer. According to the three dimensional atom probe,

Example 3 is enhanced by 2.0%, in comparison with Com-
parative Example 2, and is enhanced by 0.5%, in comparison

it is confirmed that the Si functional layer is formed in lay-
ered-shape in the free layer 18.
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Example 5

In this embodiment, the functional layer was formed in the
free layers 18, each free layer having the respective different
film structure from another one. The fundamental film struc-
ture will be listed below.

Bottom electrode 11
Underlayer 12
Pinning layer 13
Pinned layer 14

Ta 5 nm/Ru 2 nm

Irp»,Mnse 7 nm

Co;sFeys 3.9 nm/Ru 0.9 nm/

Fe;0Coso 1.8 nm/Cu 0.25 nm/Fe5oCosq
1.8 nm

Cu 0.6 nm

insulating layer 161 of

Al,0Oj and current confining path 162 of Cu
Cu 0.4 nm

described later

Cu 1 nm/Ta 2 nm/Ru 15 nm

Metallic layer 15
Current confining layer 16

Metallic layer 17
Free layer 18
Cap layer 19
Top electrode 20

The film structure of each free layer 18 is listed in Table 6.
In Comparative Examples 3, 2, 4, the composition of the
FeCo alloy of the free layer 18 is varied at the interface
between the free layer 18 and the spacer layer. The Fe com-
position is set to 10 at %, 40 at % and 50 at % in Comparative
Examples 3, 2, 4, respectively. In Examples 5A, 2A, 5B, the
Si functional layer is formed in the corresponding fundamen-
tal film structures in Comparative Examples 3, 2, 4, respec-
tively. The results are listed in Table 6. In this case, the MR
enhancement can be determined dependent on the film struc-
ture of the free layer in which the functional layer is formed.

TABLE 6
MR
variation
Free layer 18 ratio [%]
Example SA  CosqFesq [2 nm]/functional layer Si [0.25 nm]/ 12.8
NigzFe ;7 [3.5 nm]
Example 2A  CogoFeyp [2 nm)/functional layer Si [0.25 nm]/ 123
NigzFe ;7 [3.5 nm]
Example 5B CogyoFe,q [2 nm]/functional layer Si [0.25 nm]/ 10.3
NigzFe ;7 [3.5 nm]
Comparative CosgFeso [2 nm]/NigsFe,; [3.5 nm] 10.8
Example 3
Comparative CogoFeyo [2 nm]/Nig;Fe,, [3.5 nm] 10.8
Example 2
Comparative CogoFe | [2 nm]/Nig;Fe;; [3.5 nm] 9.8
Example 4

The MR ratio of the magneto-resistance effect film in
Example 5A is enhanced by 2.2%, in comparison with Com-
parative Example 3. Itis considered that the MR enhancement
is originated from the capturing effect of the excess oxygen
from the spacer layer (Al,O;) by the Si functional layer. In
view of the composition of the FeCo alloy of the free layer 14
in addition to the formation of the Si functional layer for the
MR enhancement, the MR ratio is increased by 0.5% at the Fe
composition of 10 at. % at the interface between the free layer
18 and the spacer, and by 1.5% at the Fe composition of 40 at.
% thereat, and by 2.2% at the Fe composition of 50 at. %
thereat. It is apparent, therefore, that the MR ratio due to the
functional layer is increased as the Fe composition is
increased.

The reason the MR ratio is increased as the Fe composition
is increased can be considered as follows. The oxide forma-
tion energy of Fe is lower than Co referring to Table 1 so that
the elemental Fe is likely to be oxidized than Co. As a result,
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when the free layer 18 is made of a material with Fe-rich
composition, the free layer 18 are likely to be oxidized from
the excess oxygen of the spacer layer. Therefore, the MR ratio
can be easily increased by the capturing effect of excess
oxygen due to the formation of the Si functional layer.
According to the three dimensional atom probe, it is con-
firmed that the Si functional

(Application of Magneto-resistance Effect Element)

The application of the magneto-resistance effect element
according to this embodiment will be described hereinafter,

In view of high density recording, the element resistance
RA is set preferably to 500 mQum? or below, more preferably
to 300 mQum? or below. In the calculation of the element
resistance RA, the effective area A in current flow of the spin
valve film is multiplied to the resistance R of the CPP-CPP
element. Herein, the element resistance R can be directly
measured, but attention should be paid to the effective area A
because the effective area A depends on the element structure.

Ifthe whole area of the spin valve film is effectively sensed
by current through patterning, the whole area of the spin valve
film corresponds to the effective area A. In this case, the
whole area of the spin valve film is set to 0.04 um? or below in
view of the appropriate element resistance, and to 0.02 um? or
below in view of the recording density of 200 Gbpsi or over.

Ifthe area of the bottom electrode 11 or the top electrode 20
is set smaller than the whole area of the spin valve film, the
area of the bottom electrode 11 or the top electrode 20 corre-
sponds to the effective area A. If the area of the bottom
electrode 11 is different from the area of the top electrode 20,
the smaller area of either of the bottom electrode 11 or the top
electrode 20 corresponds to the effective area A. As described
above, the smaller area is set to 0.04 um” or below in view of
the appropriate element resistance.

Referring to FIGS. 6 and 7, since the smallest area of the
spin valve film 10 corresponds to the contacting area with the
top electrode 20 as apparent from FIG. 6, the width of the
smallest area can be considered as a track width Tw. Then,
since the smallest area of the spin valve film 10 in MR height
direction also corresponds to the contacting area with the top
electrode 20 as apparent from FIG. 7, the width of the smallest
are can be considered as a height length D. In this case, the
effective area A can be calculated on the equation of A=Twx
D.

In the magneto-resistance effect element according to this
embodiment, the resistance R between the electrodes can be
reduced to 100€2 or below, which corresponds to the resis-
tance between the electrode pads in the reproducing head
attached to the forefront of a head gimbal assembly (HGA),
for example.

It is desired that the magneto-resistance effect element is
structured in fce (111) orientation when the pinned layer 14 or
the free layer 18 has the fcc-structure. It is also desired that the
magneto-resistance effect element is structured in bee (100)
orientation when the pinned layer 14 or the free layer 18 has
the bee-structure. It is also desired that the magneto-resis-
tance effect element is structured in hep (001) orientation
when the pinned layer 14 or the free layer 18 has the hep-
structure.

The crystalline orientation of the magneto-resistance effect
element according to this embodiment is preferably 4.5
degrees or below, more preferably 3.5 degrees or below and
particularly 3.0 degree or below in view of the dispersion of
orientation. The crystalline orientation can be measured from
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the FWHM of X-ray rocking curve obtained from the 6-20
measurement in X-ray diffraction. The crystalline orientation
can be also measured by the spot scattering angle originated
from the nano-diffraction spots of the element cross section.

Depending on the kind of material of the anti ferromag-
netic film, since the lattice spacing of the anti ferromagnetic
film is different from the lattice spacing of the pinned layer
14/current confining layer 16/free layer 18, the dispersion in
crystalline orientation can be obtained between the anti fer-
romagnetic film and the pinned layer 14/current confining
layer 16/free layer 18. For example, the lattice spacing of the
PtMn anti ferromagnetic layer is often different from the
lattice spacing of the pinned layer 14/Current confining layer
16/free layer 18. In this point of view, since the PtMn layer is
formed thicker, the PtMn layer is suitable for the measure-
ment in dispersion of the crystal orientation. With the pinned
layer 14/current confining layer 16/free layer 18, the pinned
layer 14 and the free layer 18 may have the respective differ-
ent crystal structures of bee-structure and fee-structure. In
this case, the dispersion angle in crystal orientation of the
pinned layer 14 may be different from the dispersion angle in
crystal orientation of the free layer 18.

(Magnetic Head)

FIGS. 6 and 7 are cross sectional views showing the state
where the magneto-resistance effect element according to
this embodiment is incorporated in a magnetic head. FIG. 6 is
a cross sectional view showing the magneto-resistance effect
element, taken on the surface almost parallel to the ABS (air
bearing surface) opposite to a (not shown) magnetic record-
ing medium. FIG. 7 is a cross sectional view showing the
magneto-resistance effect element, taken on the surface
almost perpendicular to the ABS.

The magnetic head shown in FIGS. 6 and 7 has a so-called
hard abutted structure. The magneto-resistance effect film 10
is the CCP-CPP film as described above. The bottom elec-
trode 11 and the top electrode 20 are provided on the top
surface and the bottom surface of the magneto-resistance
effect film 10, respectively. In FIG. 6, the biasing magnetic
applying films 41 and the insulating films 42 are formed at the
both sides of the magneto-resistance effect film 10. In FIG. 7,
the protective layer 43 is formed on the ABS of the magneto-
resistance effect film 10.

The sense current is flowed along the arrow A through the
magneto-resistance effect film 10 between the bottom elec-
trode 11 and the top electrode 20, that is, in the direction
perpendicular to the film surface of the magneto-resistance
effect film 10. Moreover, a given biasing magnetic field is
applied to the magneto-resistance effect film 10 from the
biasing magnetic field applying films 41 so as to render the
domain structure of the free layer 18 of the film 10 a single
domain structure through the control of the magnetic anisot-
ropy of the free layer 18 and stabilize the magnetic domain
structure of the free layer 18. In this case, the Barkhausen
noise due to the shift of magnetic wall in the magneto-resis-
tance effect film 10 can be prevented.

Since the S/N ratio of the magneto-resistance effect film 10
is enhanced, the magnetic head including the magneto-resis-
tance effect film 10 can realize the high sensitive magnetic
reproduction.

(Magnetic Head and Magnetic Recording/Reproducing
Device)

The magneto-resistance effect element is installed in
advance in an all-in-one magnetic head assembly allowing
both the recording/reproducing, and mounted as the head
assembly at the magnetic recording/reproducing device.

FIG. 8 is a perspective view illustrating the schematic
structure of the magnetic recording/reproducing device. The
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magnetic recording/reproducing device 150 illustrated in
FIG. 8 constitutes a rotary actuator type magnetic recording/
reproducing device. In FIG. 8, a magnetic recording disk 200
is mounted to a spindle 152 to be turned in the direction
designated by the arrow A by a motor (not shown) which is
driven in response to control signals from a drive unit con-
troller (not shown). In FIG. 8, the magnetic recording/repro-
ducing apparatus 150 may be that provided with a single
magnetic recording disk 200, but with a plurality of magnetic
recording disks 200.

A head slider 153 recording/reproducing information to be
stored in the magnetic recording disk 200 is mounted on a tip
of'a suspension 154 of a thin film type. The head slider 153
mounts at the tip the magnetic head containing the magnetic
resistance effect element as described in above embodiments.

When the magnetic recording disk 200 is rotated, such a
surface (ABS) of the head slider 153 as being opposite to the
magnetic recording disk 200 is floated from on the main
surface of the magnetic recording disk 200. Alternatively, the
slider may constitute a so-called “contact running type” slider
such that the slider is in contact with the magnetic recording
disk 200.

The suspension 154 is connected to one edge of the actua-
tor arm 155 with a bobbin portion supporting a driving coil
(not shown) and the like. A voice coil motor 156 being a kind
of a linear motor is provided at the other edge of the actuator
arm 155. The voice coil motor 156 is composed of the driving
coil (not shown) wound around the bobbin portion of the
actuator arm 155 and a magnetic circuit with a permanent
magnet and a counter yoke which are disposed opposite to
one another so as to sandwich the driving coil.

The actuator arm 155 is supported by ball bearings (not
shown) provided at the upper portion and the lower portion of
the spindle 157 so as to be rotated and slid freely by the voice
coil motor 156.

FIG. 9 is an enlarged perspective view illustrating a portion
of the magnetic head assembly positioned at the tip side
thereof from the actuator arm 155, as viewed from the side of
the magnetic recording disk 200. As illustrated in FIG. 9, the
magnetic head assembly 160 has the actuator arm 155 with
the bobbin portion supporting the driving coil and the like.
The suspension 154 is connected with the one edge of the
actuator arm 155. Then, the head slider 153 with the magnetic
head containing the magneto-resistance effect element as
defined in above-embodiments is attached to the tip of the
suspension 154. The suspension 154 includes a lead wire 164
for writing/reading signals, where the lead wire 164 is elec-
trically connected with the respective electrodes of the mag-
netic head embedded in the head slider 153. In the drawing,
reference numeral “165” denotes an electrode pad of the
assembly 160.

In the magnetic recording/reproducing device illustrated in
FIGS. 8 and 9, since the magneto-resistance effect element as
described in the above embodiments is installed, the informa-
tion magnetically recorded in the magnetic recording disk
200 can be read out properly.

(Magnetic Memory)

The magneto-resistance effect element as described above
can constitute a magnetic memory such as a magnetic random
access memory (MRAM) where memory cells are arranged
in matrix.

FIG. 10 is a view illustrating an embodiment of the mag-
netic memory matrix according to the present invention. This
drawing shows a circuit configuration when the memory cells
are arranged in an array. In order to select one bit in the array,
a column decoder 350 and a line decoder 351 are provided,
where a switching transistor 330 is turned ON by abit line 334
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and a word line 332 and to be selected uniquely, so that the bit
information recorded in a magnetic recording layer (free
layer) in the magneto-resistance effect film 10 can be read out
by being detected by a sense amplifier 352. In order to write
the bit information, a writing current is flowed in a specific
write word line 323 and a bit line 322 to generate a magnetic
field for writing.

FIG. 11 is a view illustrating another embodiment of the
magnetic memory matrix according to the present invention.
In this case, a bit line 322 and a word line 334 which are
arranged in matrix are selected by decoders 360, 361, respec-
tively, so that a specific memory cell in the array is selected.
Each memory cell is configured such that the magneto-resis-
tance effect film 10 and a diode D is connected in series. Here,
the diode D plays a role of preventing a sense current from
detouring in the memory cell other than the selected magneto-
resistance effect film 10. A writing is performed by a mag-
netic field generated by flowing the writing current in the
specific bit line 322 and the word line 323, respectively.

FIG. 12 is a cross sectional view illustrating a substantial
portion of the magnetic memory in an embodiment according
to the present invention. FIG. 13 is a cross sectional view of
the magnetic memory illustrated in FIG. 12, taken on line
“A-A". The configuration shown in these drawings corre-
sponds to a 1-bit memory cell included in the magnetic
memory shown in FIG. 10 or FIG. 11. This memory cell
includes a memory element part 311 and an address selection
transistor part 312.

The memory element part 311 includes the magneto-resis-
tance effect film 10 and a pair of wirings 322, 324 connected
to the magneto-resistance effect film 10. The magneto-resis-
tance effect film 1 is the magneto-resistance effect element
(CCP-CPP element) as described in the above embodiments.

Meanwhile, in the address selection transistor part 312, a
transistor 330 having connection therewith via a via 326 and
an embedded wiring 328 is provided. The transistor 330 per-
forms switching operations in accordance with voltages
applied to a gate 332 to control the opening/closing of the
current confining path between the magneto-resistance effect
film 10 and the wiring 334.

Further, below the magneto-resistance effect film 10, a
write wiring 323 is provided in the direction substantially
orthogonal to the wiring 322. These write wirings 322, 323
can be formed of, for example, aluminum (Al), copper (Cu),
tungsten (W), tantalnum (Ta) or an alloy containing any of
these elements.

In the memory cell of such a configuration, when writing
bit information into the magneto-resistance effect element 10,
a writing pulse current is flowed in the wirings 322, 323, and
a synthetic magnetic field induced by the writing current is
applied to appropriately invert the magnetization of a record-
ing layer of the magneto-resistance effect element 10.

Further, when reading out the bit information, a sense
current is flowed through the magneto-resistance effect ele-
ment 10 including the magnetic recording layer and a lower
electrode 324 to measure a resistance value of or a fluctuation
in the resistance values of the magneto-resistance effect ele-
ment 10.

The magnetic memory according to the embodiment can
assure writing and reading by surely controlling the magnetic
domain of the recording layer even though the cell is minia-
turized in size, with the use of the magneto-resistance effect
element (CCP-CPP element) according to the above-de-
scribed embodiment.

(Another Embodiment)

Although the present invention was described in detail with

reference to the above examples, this invention is not limited
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to the above disclosure and every kind of variation and modi-
fication may be made without departing from the scope of the
present invention.

The concrete structure of the magneto-resistance effect
element, and the shape and material of the electrodes, the
magnetic field biasing films and the insulating layer can be
appropriately selected among the ones well known by the
person skilled in the art. In these cases, the intended magneto-
resistance effect element according to the present invention
can be obtained so as to exhibit the same effect/function as
described above.

When the magneto-resistance effect element is applied for
a reproducing magnetic head, the detecting resolution of the
magnetic head can be defined by applying magnetic shielding
for the upper side and the lower side of the magneto-resis-
tance effect element. Moreover, the magneto-resistance effect
element can be applied for both of a longitudinal magnetic
recording type magnetic head and a vertical magnetic record-
ing type magnetic recording type magnetic head. Also, the
magneto-resistance effect element can be applied for both of
a longitudinal magnetic recording/reproducing device and a
vertical magnetic recording/reproducing device. The mag-
netic recording/reproducing device may be a so-called sta-
tionary type magnetic device where a specific recording
medium is installed therein or a so-called removable type
magnetic device where a recording medium can be replaced.

What is claimed is:

1. A magneto-resistance effect element, comprising:

a bottom electrode;

a fixed magnetization layer of which a magnetization is
substantially fixed in one direction and which is formed
on or above said bottom electrode;

a free magnetization layer of which a magnetization is
rotated in accordance with an external magnetic field
and which is formed opposite to said fixed magnetiza-
tion layer;

a spacer layer including a current confining layer having an
insulating layer and a conductor to pass a current
through said insulating layer, said insulating layer
including oxide, nitride or oxynitride in a thickness
direction thereof and which is located between said fixed
magnetization layer and said free magnetization layer;

a thin film layer which is located on a side opposite to said
spacer layer relative to said free magnetization layer;

a functional layer formed in or on at least one of said free
magnetization layer and said thin film layer, the func-
tional layer containing at least one element selected
from the group consisting of Si, Mg, B, Al; and

atop electrode formed on or above said free magnetization
layer, the top electrode being configured to pass electric
current in combination with the bottom electrode.

2. The magneto-resistance effect element as set forth in

claim 1,

wherein said functional layer is formed in or on said free
magnetization layer.

3. The magneto-resistance effect element as set forth in

claim 1

wherein said functional layer is formed in said free mag-
netization layer.

4. The magneto-resistance effect element as set forth in

claim 1,

wherein said fixed magnetization layer, said spacer layer,
said free magnetization layer and said thin film layer are
sequentially formed,

wherein said functional layer is formed in or on said thin
film layer.
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5. The magneto-resistance effect element as set forth in
claim 1,

wherein said functional layer contains Si.

6. The magneto-resistance effect element as set forth in
claim 1,

wherein a thickness of said functional layer is within 0.1 to
10 nm.

7. The magneto-resistance effect element as set forth in

claim 1,

wherein said spacer layer includes a metallic layer formed
so as to be adjacent to said current confining layer and at
least one of said fixed magnetization layer and said free
magnetization layer.

8. The magneto-resistance effect element as set forth in

claim 7,

wherein said metallic layer includes at least one element
selected from the group consisting of Cu, Ag, and Au.

9. The magneto-resistance effect element as set forth in

claim 1,

wherein said conductor of said current confining layer
mainly contains at least one element selected from the
group consisting of Cu, Ag, Au.

10. The magneto-resistance effect element as set forth in

claim 1,

wherein at least one of said fixed magnetization layer and
said free magnetization layer contains Fe.

11. The magneto-resistance effect element as set forth in

claim 10,

wherein an Fe composition in a region of said fixed mag-
netization layer and/or said free magnetization layer
remote from the spacer layer by 1 nm or less is set to 10
at % or more.

12. The magneto-resistance effect element as set forth in

claim 11,
wherein said Fe composition in said region of said fixed
magnetization layer and/or said free magnetization layer
remote from the spacer layer by 1 nm or less is set to 40
at % or more.
13. A magnetic head, comprising a magneto-resistance
effect element as set forth in claim 1.

14. A magnetic recording/reproducing device, comprising
a magnetic head as set forth in claim 13 and a magnetic
recording medium.

15. A magnetic memory, comprising a magneto-resistance

effect element as set forth in claim 1.

16. A magneto-resistance effect element, comprising:

a bottom electrode;

a fixed magnetization layer of which a magnetization is
substantially fixed in one direction and which is formed
on or above said bottom electrode;

a spacer layer including a first metallic layer containing at
least one element selected from the group consisting of
Cu, Ag, Au, a current confining layer with an insulating
layer including oxide, nitride or oxynitride and a con-
ductor containing at least one element selected from the
group consisting of Cu, Al, Au to pass a current through
said insulating layer in a thickness direction thereof and
a second metallic layer containing at least one element
selected from the group consisting of Cu, Ag, Au, said
first metallic layer, said current confining layer and said
second metallic layer being sequentially stacked on said
fixed magnetization layer;
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a free magnetization layer of which a magnetization is
rotated in accordance with an external magnetic field
and which is formed on said spacer layer;

athin film layer which is formed on said free magnetization
layer;

a functional layer formed in or on at least one of said free
magnetization layer and said thin film layer, the func-
tional layer containing at least one element selected
from the group consisting of Si, Mg, B, Al; and

atop electrode formed on or above said free magnetization
layer, the top electrode being configured to pass electric
current in combination with the bottom electrode,

wherein an Fe composition in a region of said fixed mag-
netization layer and/or said free magnetization layer
remote from said spacer layer by 1 nm or less is set to 10
at % or more.

17. The magneto-resistance effect element as set forth in

claim 16,

wherein said Fe composition in said region of said fixed
magnetization layer and/or said free magnetization layer
remote from said spacer layer by 1 nm or below is set to
40 at % or more.

18. A magneto-resistance effect element, comprising:

a bottom electrode;

a fixed magnetization layer of which a magnetization is
substantially fixed in one direction and which is formed
on or above said bottom electrode;

a free magnetization layer of which a magnetization is
rotated in accordance with an external magnetic field
and which is formed opposite to said fixed magnetiza-
tion layer;

an insulating spacer layer to pass a tunnel current there-
through and which is located between said fixed mag-
netization layer and said free magnetization layer;

a thin film layer which is located in a side opposite to said
insulating spacer layer relative to said free magnetiza-
tion layer;

a functional layer formed in or on at least one of said free
magnetization layer and said thin film layer, the func-
tional layer containing at least one element selected
from the group consisting of Si, Mg, B, Al; and

atop electrode formed on or above said free magnetization
layer, the top electrode being configured to pass electric
current in combination with the bottom electrode.

19. The magneto-resistance effect element as set forth in

claim 18,

wherein said fixed magnetization layer, said spacer layer,
said free magnetization layer and said thin film layer are
sequentially formed,

wherein said functional layer is formed in or on said thin
film layer.

20. The magneto-resistance effect element as set forth in

claim 18,

wherein a thickness of said functional layer is within 0.1 to
10 nm.

21. The magneto-resistance effect element as set forth in

claim 18,

wherein at least one of said fixed magnetization layer and

said free magnetization layer contains Fe.



